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aie es 


“the range ~only radar "Kvant" is designed for installation, together with 
| sight ASP-SY, or ASP-SND_ and permissible range computer VRD-2A, on jet fighters. 
ae range -only radar ensures automatic and continuous determination of 
aietauas to the target and of relative rate of approach to the target. 
The range pata "Kyent" operates in two modes: 
“Mode A - ‘firing is done from guns or with unguided rocket projectiles. / 
| “The range finder feeds continuously to the sight computer voltage proportional - 
to the target wange and relative speed of the target. 
7 "Mode 3 -- launching of class air-to-air homing missiles aD 
For this, mode the range radar ensures: 
@ af Determination of present Yange to the target and displaying of. aah. 
: information on the pilot's firing-range indicator UD-1. 
v/ Automatic comparison of present range with permissible range of K-15, 
rocket and providing launching permission signal. 


SPN 3_ . : v/ Signalizing the approach of withdrawal-from-attack range. 
2. Basic Tactical-Technical Data 


a. The range radar "Kvent" determines the distance to aircraft-target 
;, in following ranges: from 500 to 3,000 meters for mode “A” ena from 800 to 


~~ 7,000 meters for mode "B" 
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1 (> ; | bs The range radar Sigil extomstically voltage ecoanriueas to the 

4 ; distance ty, the target to the type ASP-SN sight computer .. (mode “A") or — 

; | to the pointer oe indicator "UD- 1" (mode "B"). 

; | - he ve ‘Range error does not exceed 5 m for mode "A" and £100 m for mode - 

: | | . ge - Range radar det termines the rate of approach to the eircratt- target 

: | | : 2 (relative speed of the target) in 2 range from +400 m/sec to ~100, m/sec, ; end | 

; _ | | automatically feeds . oe ‘She si ait computer ( mode’."At-) af ‘ob to pammiesthle 83 
/ range calculator (node npit) a voltage proportional to ) relat tive velocity. The 7 
J ; 2 : speed, when closing in on the target, is positive. | 

; ek * ae? ad. he error of speed i daaactinoies does not exceed + 15-m/sec for | 

4 Oo “mode "a" ‘and 85 n/ sec for mode "B". | 

4d | 3 | on The range radar determines the inatant for launching rocket K-15 | 

: = : | w by comparing present-range voltage with permissible-rocket launching range | 

4 he 4 ‘voltage, ie admitted oe permissibie range calculator VRD-2A.. | 

: eo a zh. Renee resolution of range-only radar is not less than 200 mn. (P 4) 
4 ; ; . z. Dead zone of the radar is not greater than 500 m. , 

. | : ; a PEPE CEINAEY. pattern of. range-only radar at pene eee in both planes 

1 = ‘is equal to 18° + a° (or -2°) for mode "A" and 6° ob ae for a "Ss 

: —s ’ ke. “Pulse pole is 2 to 7 kw. : , | | 

{ a i. Duration of high-frequency pulse is 0. 5 " 0. O05 microsec. 

d a | i. Operating frequency 9370 + 45 Me. 

4 o Tae ‘Pulse repetition rate 800 + 100 pps. 

d aad Os Sensitivity of receiver circuit (mode "a") is 87 db for a range of 


" 2000 m and foe db for a range of 500 m wee reference to 1 milliwatt.— 
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Cc , ’ | Dp. Pull<out from attack range is 1000 to pee Ts | 
a ae Cet jne of the range-only radar - 25000 m. 

Se Power consumption of range radar from i115 ’, 400 cps power line is 
| 410 va; power consumption in +27v circuit is 25 w when ambient temperature 
sis above. o°C > and 130 w when temperature is below O°C. | | 
’ te Weight of he) range radar without intermediate cables is 30 kg. 

| ue The retige radar can operate; contimously ‘for’, 6 irs | 
| fe Guaranteed service. life of range radar is 500 actual flight hours — 
SPN 5 | on an aircraft auring a , period of 5 years, if ail regulation inspections 


| and maintenance work is observed in accordance with operational manual. . 


3s Range Radar Assembly 
The assembly of the range radar "Kvant". designed for aircraft MIG-21F 


comprises the following units: : 
aks Combined antenna with waveguide line K-1 - GYa 2.060. os Sp-1 piece 
8 be -Receiving-trensmitting unit RB6-2M GYa a 000.024 Sp - 1 piece 
| - pudewcchiy radar receiver unit RB6-3 GYa 2.003.002 Sp - 1 plece 
sas | Power pack unit RB-6-l GYa 2.087.004 Sp - 1 piece 
ae Speed indicator unit RB- be ~5. one 2. 002.005 Sp - 4 piece 
i : a Control panel K~6. GYa, 2.761. 031 Sp - il piece 
, : oh. Comparator unit K-8 GYa 2.089.012. Sp - 1 piece 
os, | Intermediate cable KK /21-F/GYa 4.853 165 Sp -. 1 piece 
Ps 7 i. Coaxial cable GYa.F.850.135 Sp - 2 pieces 


O - k. ‘Control mechanism KPK GYa 2.781.037 Sp - 1 piece 


_ 9$-R-C-R-R-? 
50X1 -HUM 


Declassified In Part - ‘Sanitized Copy Approved for Release 2013/01/25 : CIA- RDP80T00246A030700180001- 1 








O 


CIA-RDP80T00246A030700180001-1 





Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : 







7" 60X4-HUM 
COupermno. 








_- : — 
a 





oa 
Je OF 


fo 





















ed 


Tee ee 
; ae. { a oe i : a 7 
ed for Release 2013/01/25 : CIA-RDP80T00246A030700180001-1 


Declassified in Part - Sanitized Copy Approv 









ra 











f 








_Declassified in Part - Sanitized Copy Approved for Release re CIA-RDP80T00246A030700180001-1 


CW UMD 








4 O _ Speed calibrator for 5 assemblies, type "KS-2" GYa 2. 16. oa. Sp and 

: : control instrufient RPK GYa ee 761. os7sp are part of the special seuteimse 
= J | 

- “eguimment of the range eaae “Kvant." 


II. PRINCIPLE OF OPERATION AND Oo {P 7] 
INTERACTION OF LNDLVIDUAL 
nee nnn eee ee 
COMPONENTS OF RANGE RADAR "Kvant" 


Le Principle of Operation - 


The principle of ee radar aperation is based on Lllumination of a 
given space zone by short-duration seueming electromagnetic pulses, and - 
recebtion of such puises after reflection from a target located in the zone 

| of aMuiiinetton 
: os 4 7 “The range radar "Kyant" determines the distance to the target by auto- 
a | ie measurement of time interval between the initiation of probing pulse 
| end the instant of arrival of pulse mentees from the target: fig. 2. . 
The range radar "Keven" is en automatic electronic device which does 
not Se SUCEROEES except, for switching-on during take-off and suitenine- : 
. off uring ees 
| Observation of range radar “Kvant" ' performance i in 1 flight can be carried 
out by watching - an aircraft-target flying 3 in front; after target Lock-on by 
the radar, a green lamp "ock-on" lights on the sight head. | 
| 2 For mode "A" operation, the manual feed of renge to the sight is aiscon- 
CS nected ‘at “hie time (handle of gas sector), and the size of outer cizele for 
the vision | and | target field is now changed only from the range radar. 


ee 
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For the: mode "B", the firing sight is set into position "gixea" ("nepoa"); 


: at this time the illuminated mari occupies @ position corresponding to direc- | 


/ 


tion of aircraft gun axis » and the pointer indicator UD-1 on the instrument 


board show automatically the distance between the aircrafts. 


- Thus, aiming is done at a stationary mark, as on a collimator sight. 


Relationship between the atecance to the target, the velocity of elec- | 


3 tromagnetic wave propagation in ‘eee space and the time interval from the 


moment of sending. high-frequency probing pulse to the instant of reception 


of pulse reflected <0 the target is defined by the formula 


+ = —2D 
S 





where: t - time interval for ik eens pulse to travel to the target 


and ack; 2D - doubled distance to the target, i. Gs, distance to target and 


back; . - Velocity of: electromagnetic wave Boonen er nae. which is equal to 
the ‘speed of light © 
s =.3 x 108 m/sec 
- Phime measurement is carried out by continuous - superposition of ‘the target 
pulse ¢ on the selector pulse ; voich is generated by the Tange finder. ‘The delay 


time of selector pulse is related linearly to voltage applied to the circuit 


Of time BomTaHOr which generates such pulse, ge ces or 


t, = Ky (U0-Uo) 


_ where: t, ~ delay time. of selector pulse 


‘Up ~ control voltage 


Uo: - initial voltage - 
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Due to coincidence of the target pulse and selector pulse, 


test, and K1(Uo-Up) == = or Up= Uo - 2D 
aes 


= Uo - KzD 
_. [ims the voltage controlling the time modulator becomes proportional 
to the verge range. This voltage is fed by the range radar to the sight 
computer and to indicator. UD-l. 
| The selector pulse consists actually of two pulses » @enerally called 
range pulses (see fig. 3). These 0.7 microsec duration pulses ; shifted 0.4 
microsee with respect to each other, conduct search-scan in absence of re- 
flected pulses, 1.e., they are shifted along the whole range of distances 
from 200 m to 5000 1 m with a frequency of 1 eps (mode "A") and from 800 m i‘ 
7500 nm with the sate frequency of scan for mode "B". 
The shifting tekes place from shorter range toward longer. In the 
_ “event of: erpeerence: of a Pulse reflected from the target, it comes into co= "— 
ve : ineidence with the range pulse. At this time the lock-on circuit goes into. 
- ” operation and the search-scan. is discontinued. The range radar locks on ‘the 
| “target and begins to range -~track the target by feeding voltage proportional 
| to the range to the sight computer or to the pointer indicator UD-1. 
The range radar “Kvant, ” addition to range. voltage, also sappiaes. 
| voltage proportional: ay ‘the nsiaeigs speed of: ‘target. 
‘The speed voltage is See by differentiating vrenge voltage and its 
cede amplification by a. special eplifier Located in the speed unit. 
a ae | ‘The law for range voltage generation: | 
— .D 
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‘For mode "BY - UD = 195- 2 dD. | : a ee : 
“50 : ee WLR a] 
where’ Uo ip volt cage in volts - - AS 
3 ‘D is range in meters | -_. . se ee ee 


The law for speed voltage generation: 
| for mode "A"— Ug, = = 0.1V 
_ for’mode “BY— Us, = - 0-0hV 
where: Us, ~ Voltage in volts | 
- V ~ speed in meters per sec. 
For an approach the speed 1s positive. 
. The peculiabity of the range radar "Kvant" is its ability to operate 
in two different modes. For this reason the radar antenna congists of two 
- different antennas - of a horn antenna producing a wide 18° + 1° or ~2° 
beam for mode "4", and a reflector antenna producing a aes 6° Z Yo! beam 
for mode eB se } 
; A switch located in the range radar connects one of the antennas to the 
- | receiver-transmitter unit. | oS © #4 


The entenna ee is controlled from the aircraft circuit. 
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2+ Block Diagram of Range Radar 


/ | 
. As ‘seem oe fig. dy the range radar "Kvant" consists of entenna unit, 

receiving-transni tting, unit, _range-only radar receiver, power supply unit, 

speed unit, control “board, een unit, intermediate cable and coaxial 


Cable. 


Antenna “As sétibly Unit - pone of a@ combination of a horn see 
with dielectric iens and a reflector antenna with horn exiter. | 

This eaters asseubly is designed for highly-directive radiation of 

: | “high-frequency electromagnetic energy and for ae of signais reflected : 

from a ‘target. | 

Directivity pattern of the horn antenna while in mode "4" is 18° + 1° | 
or 2° in both plenes. | 

_ Directivity or = beam width) of reflector antenna while in 

mode "B" is 6° + 40! in both planes. . 

The receiving~transmitting unit forms and radiates powerful. high-frequency 
pulses » automatically adjusts frequency of local oscillator, receives and pre- 
amplifies reflected signals ; “euitebes antenna from transmission to reception 

ans synchronizes. the work: of range-only ‘receiver unit. 
The recoiving-transmi tting unit. consist ts OF a high-frequency, f = 9570 De 
| + 45 Mec, menseeon, oscillator, a, nodulator,, a, eens steen local 


: osei Mater, receiving-trensmitting chamber with eee ATR tube ; spark-gap 


GaP nC eRaett NM 
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discharger, mixing chamber for automatic frequency control (AFCh), preampli«- 


fier of intermediate frequéncy | PUPCh | > AC circuit, high-voltage rectifier, | 


and: pre-ionization rectifier with ignition current stabilizer. 


- Dhe range-oniy radar receiver unit serves to amplify the IF of reflected 


pulses, to detect such pulses and to convert them into target video-pulses, 
co fix the time of arrival of reflected pulses and to form voltage proportional 
to ne distance £0 the target. 

. Power supply unit ‘provides stabilized voltage to all units of the range 
radar. The unit contains a rectifier for +150 v and +200 v, a rectifier for 
4500 Vv, a’ rectifier eee Vv; siseerenie voltage regulator and a reference - 
stébilovolt. | 

Speed seine unit serves to determine automatically the relative 


speed of target, and to supply appropriate eet ate to the firing sight end 


ys pantissible range computer VRD- eh 


“Control board serves to facilitate the operation of the range-only radar 


installed on an aircraft. All controls of the range radar and the control 


points for checking. the performance of the automatic lock-on are located on it. 


Comparator unit serves to convert the voltage scale of target present 


_ range. into a scale corresponding to the scale calibration of the UD-1 pointer 
~ range indicator, to compare automatically the voltage of target present range 


with seca voltage of pemnissible launching range of the rocket, and to send 


launching permissible signal to the green “Lamp "Vamch" installed on the 


ee instrument board, to'determine the moment for anes from attack 


by sending a signal, to the red lamp “pull out" installed on’ “ine? Sitotts 
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Key to Figure 5 














| / intermediate Cable Wiring Diagram 
4 — (1) Sh-8 (2) Sh-3 
Je | Plug Rlu?PK1L75Sh1 Plug 248PKESh1 
— {Goes} Function 
ground 1. ground Qn 
+115 v (com)} 2 | 14 27 v in. 2 
~115 v (com)} 3 | i+ 27 v out. 3 
+ 27 -v h | im 115 v in. (com) jh 
oa Urange unit 5] 5 | : 125 v out. comme 
_,. |speed scale 6 } xo jw 115 v in. | 
2 + 200 v 7 : 2 ~ 115 v out. t 
w: flock-on cire.| 8 | = jsearch freq. G 
Dp | ‘dt {+ 150 v out. 10 
speed zero | 10 | 5 c : 17) 
8 | tracking a > tt 150 v in. 
i U | 12 | Fa p+ 200 v LZ 
speed i .“a J A 13 
lock-on sig, | 13 | | range | ; 
~ 150 v {oh 7 ‘range zero | Lh 
Pe ‘range scale 15 
+ 300 v 16 | speed scale 16 
+ 150 v speed zero — L7 
speed zero 18 
ferrite switch L9 
Urange (input) = {20 
- 150 v 21. 
Urange ee 
sensitivity 23 
AFC circuit 2h 
ferrite sw. crystd25 
mode signal 26 
ferrite switch 27 
ferrite switch 28 
' 6 
(a) - 4) «= 
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SPN 15 
(3). Sh+7 (1) Sh-S 
Socket RUSPK26EGL Socket 2RM2)KPNLOGLAL 
Goes | Function Term. Goes} Function Term 
ekg | No. i_to | No. 
round 
g i ground 1 
altitude sig.} 2 ~ilsv 2 
+ 27 v in. 3 | v 115 v 3 
wlio v I Uspeed u 
“~ 115 v (com) 3 | 4 ory ¢ 
7 | ferrite sw. crysd 6 
input switch | 8 | Urange a 
input switch | 9 | ie 8 
» |? input sw. | 10 Tk II ? 
‘{ |? input sw. | 11 | | TH LO 
© | lock-on sig. | 12 : + 150 v LL 
J | mode signal | 13 | Launch 12 
_ | VRD supply | 14 - 150 v 13 
o VRD supply 15 | | ra meas. ground 1h 
fi VRD output 16 ! & | + 200 v 15 
4 | range instru.) 17  & | + 300 v 16 
“| range instru.| 18 © '}| RRCh (MFC) 1? 
@ -| Vesesa 19 | g | RRU (MGC) 18 
ar pullout sige rE calibration 19 
+ 200 v 
vange 7 : 2 
clearing 23 
{= 150 v 2h 
launch sig. | 25 
26 
27 
altitude sig.} 28 
[ 
(b) 
Sete 
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SPN 15 
(5) She2 6) 
; Sh-1 
Sockét RGLOUL7ESh1L Socket RUSPK28ESh1 . 
iGoes | Function Term. |_ | Function rm 
No 












to No. 
ground i 
Be | a. Oe 
~ 115 V (com) 3 sy 6 “ ; 
+ 2/7 v ye “3 | 
meas. ground 5 | : — : (com) ; 
+ 150 ¥ 6 | + 200 v 6 | 
ake 7 |g 10 y 
, { 
: | | | - 150 v 8 
v 115 v in. TO. | | Urange 19 
a4; | ! tracking | LO 
~ 150 v 12 | ! } 12 
~ | APCh (AFC) amp. 13 | range scale {12 
— (MFC) Lh | on search freq. 13 
© 15 é search freq. Lh 
a m I: 16 | = | UPCh (AFC) shift!15— 
ee 300 v LT ae lock-on cire. 16 
5 : | & sensitivity af 
@ | Ig launch pulse 18 
= | ~ + 150 v in. {19 
20 
clearing o1 
22 
23 
range zero 2) 
fn _ Uranges unit 5 [25 


26 
or 
| 28 
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C (7) Shh _ (8) Sh-6 
| Socket 2RM30BL132G1A1 


Socket SRNLIACPNLGLAL 
Function 












qo ferrmte switch 
; a ferrite switch 
a ferrite switch 
5 i | 
supply io. ‘dl 
supply f = 
VRD output 8 i. 2 
| Upange ine 9 
©. | instru. "D" 110 
2 instru. "D" | 1h | 
42 Uspeed 12 | 
‘a | pullout sig. |13 
- | launch sig. [1h 
~ » 425 
a =e 16 
es . mode signal {17 
— - 18 
‘lock=on cire./19 
| — 120 
21 
altitude sig.| 22. 
altitude sigs) 23 
. 2h, 
25 
- 150 v 126 
| | 27 
28 
29 
calibration {| 30 
ws y 31 





“115 v (com)| 32 
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“instrument panel, supplying +28 v stabilized voltage with respect to speed - 
voltage, to VRD-2A. | | : 

| cies cable serves to interconnect the units of the range-only 
radar on an aircraft. Cable configuration and size depends on the deployment | 
of the range /tinder on a given saperade. Schematic lay-out of the nieuwe 


ate cable for the MIG-21F combat jet is shown in fig. 5. 


6. Functional Diagram 
On fig. ‘6 is shown the functional diagram of the range -~only radar 


f 
7 


"Kvant". | This diagram shows interaction of individual components of ae 
 -yange radar. 
The operational mode of the range radar is different. for the search-- 
‘scan of the Serer’ from the en of target, when the reflected signal 
oe ree the receiver input. | - | 


‘For this reason the a aca of functional diagram is divided into 


2 sae tions: 
-af Search-scan mode 


b/ | Tracking mode . 


: = ‘Search-Scan Mode 

‘The submodulator located in the receiving- nae ae unit generates 
positive ‘voltage pulses with amplitude not less than 150 v, pulse duration 
of about 1 microsec and repetition rate of 800 pps. These pulses control | 


| the discharge tube of the modulator. 
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The modulating oulses with Os 5 kv onpli tude » 0.6 microsee duration and 


repetition rate of 800 pps are sevevenaa: in modulator and are. fed to the’ 


negnetron, 


— 


= 


| Magnetron oscillator concen pulses of t = 0.5 microsec auneeton and — 
ne power of not less than 5 kw. | 
| — antenna switch disconnects the eke ce: during the sedan of probing - 
| Powerful. ‘high-frequency magnet tron meee are admitted through high : 
_ fvequency channel to ferrite commetator which directs the electromagnetic 


. energy ‘to ‘one of the antennas , depending on the operating mode of ere en 





oe , he : : Part of high-frequency enersy of the magnetron pulse is admitted to the 
3 a ne mixing chanber of ATC. Undamped high- ~fre quency oscillations from dystron 


local oscillator are also continuously admitted to AFC chamber. 
As a result of 73 mixing of two high- EAS ERey: Cech neces > a pulse is 

ae _ formed at the AFC geet with a frequency which is equal to the difference. 
ms | es : ‘between the Peers and magne tron frequenci¢s. | | | 
4 = oe this pulse is converted by the AFC circuit into the control voltage, ‘ EP. 19] 
4 ° . i, ‘waich, is fed to. the Klystron local oscillator and maintains klystron frequency * 
3 _ above that, of the ‘magnetron frequency by a value. equal % to IF. 
a / | i. | - Sim taneously with the modulating eae >a negative syachroni zing Hae 


is fed fron modular tor’ to: e 


S a OD mM 





er re ee ~ 50X1-HUM 
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“y to IF amplifier and disconnects recetver during the transmission of 
main probing’ pulse ; 
b) to noise AGC and cuts it out for the reception period, thus eliminat-. 
ing the effect of target pulses on perforuance of - ‘the:.noise AGC. 
ey to an saw-tooth forming circuit and triggers it. 
The “fast saw~too the circuit feeds to the comparator circuit anit RBO-3 
a8 saw-tooth eolaes at a rate of 800 | Pps and of 25 or 50 microsec duration 
(depending on “the amasy and of 150 v amplitude (fig. 1) 
In addition ,to the’ ‘comparator curcuit unit RBO-3 is fed a saw- tooth 
ion from the "slow saw-toot th" aeneatns » which varies in intensity from 
185 to 20 v auring a period of .8 to 1.2 sec. , 
- With this gradual decrease of "slow saw-tooth" generator voltage, there | 
. a3 ‘> occurs greater end greater delay in conduction of comparator diode for. each 
| successive period of 800 pps repetition rate. 
| [ms 0 the subsequent circuits of the comparator is admitted a i 
wee tooth pulse with Jeading edge lagging more and more behind the transmitter 
pulse as the sweep generator voltage decreases. 
ae ena | This pulse is amplified and differentiated, and is used to trigger aa ~ 
"pulse generator. The latter generates LOO-v range pulse of .7 microsec dura- 
tion which is fed to time disriminator. _ The time discriminator operates only 
during coincidence in time of vowee and target pulses. | 
As is seen from vig. 7, with gradual decrease in voltage of the “stow 
| saw-tooth", the range Suess traverse the whole working range of search- 
| "scanning at a rate of .8 to 1.2 eps.. | | 


‘50X1-HUM. - 








Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030700180001-1 - 





Paris 





Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : Eee on ee 





The noise voltage from receiver output is admitted to noise AVC circuit, 


which SEN Ee negative voltage proportional to noise magnitude. This volt~_ 


. 6 * LL . « : | ? + ~ 4 
age 1s admit ved to IF amplifier, and by varying amplification factor the noise 


level is maintained constant at the receiver output. 
/ | 
tracking Mode 


Panes reflected from the target are intercepted by one of the antennas, Oe 


7 eepenaine on the mode of operation, and are admitted -by ‘Aigh-frequency channel 


through the ferrite swith to. the antenna switch, which prevents the entrance’ 


| oe reflected signal to the magnetron circuit, but acini te reflected paises to 


| the mixing chamber of the receiver. 


At the mixing chamber of the receiver the reflected signal feaaeten is. 
mixed with the local klystron oscillator frequency. | 

AS a result of mixing, a number of frequencies are formed from which the 
30 mc IF is separated out at the receiver ne Input circuit of IF preamr 
plifier'’ (PUPCh) serves as the load of dis receiver aac 


After passing through the IF preamplifier, the signal reflected from 


en is admitted to the main IF amplifier. The target signal see second 


detection and amplification in IF amplifier is admitted to the input of ‘tine 
discriminatorthrough the video eee and cathode follower. 
Time discriminator fortis! error’ current at the instant of coincidence of 


the target reflected pulse with the range paeeaiee such error-current value | 


| depends on magnitude and sign of iemeeeh: between range and targ seu puteee: 


. The; error - signal is admitted to the input control-unit cireuit, which is in 


he: form of a double ‘integrator. 


__ S-FRe0-R~P LM 
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‘The time discriminator also generates negative pulses which control 
the Sees Lock-on. : 

At this time the automatic lLock-on goés into operation end search-scan 
generator circuit is transformed into a double integrator and the oe 
lamp “lock-op" lights up on the sight. 


The range -only radar circuit now switches to tracking mode and proc~ 


esses Voltages2:proporbional to the target range and neneueve speed of the | 


target. At the instant .of target lock-on and swi echoes of "slow sawtooth" 


generator, at the output/ of double integrator remains a voltage corresponding 


to target range, as it was at the instant the automatic lock-on went into 


action. This voltage is fed to the comparator wnit circuit RB6-3, instead  {P 23] 


| of the "slow saw-tooth" generator voltage, and it controls the renge~pulses 


displacement i in time. 

‘The error current of time discriminator is contimously admitted to the. 
double integrator until the range pulse comes into balance with the target pulse. 
| With the disappearance of target. saat the eutomatic lock-on is re-+ 
leased after a delay of 1 to 1.5 sec. | | ‘3 

The output range jeux acuta: to suas accords with the Saiie » : 
law and at the same speed during the delay period as it occurred prior to 
target cisappearance , thus ensuring the "memory" of target speed. 

Pulse from the: plate.at automatic ‘eeieweu amplifier is fed to ene of 
AVC circuit. This pulse is amplified and detected, and as a negative ac ore. 
age is fed to IF amplifier, oe changing the receiver amplification which is 
necessary to avoid overloading receiver Stages and to decrease the panes error 


for targets of different intensity. 


SOAT-HUM 
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The performance of noise AVC in both psteeheecan and tracking modes is 
‘identical. jrulse AVC ay noise AVC have conmon eure to IF omplifier 
through cathode follower; When vrange-only radar "Kvant" loc%s-on eae 
in mode "B",. the range ee is fed to Sseeeate circuit in unit K-8 
which comparés lt with permissible range voltage , the latter coming lec 
computer VED-2A. | | 
By permissible range for rocket lannching is understood a mevciaman dis- (P 24] 
tance to the target at which the rocket will itecessari ly reach the target. | 
waile the. homing system is in overation. 
Such a range is defined by the following equation: 
Drim = 3-06 * 10% | 4 vsr (vsH) + | 
| The magnitude of permissible range depends on the aircraft altitude - 
ma (a) , air speed of aircraft- -carrier (Ver) » as well as of magnitude and sign 
of relative speed (p). | . 
Permissible range becomes greater with the increase in flight altitude 
| (air resistance becomes oes » with the increase in speed of the carrier | 
‘(Gnitial speed of Boeken) ; age with increase in relative speed of approach. : 
to the target. 
The permissible range computer VRD- 2A consists of a potentiometric . 
transducer, which is fed with de voltage from range radar, and which supplies 


a voltage proportional to Permissible range according to the following law: 


| Ug@-razr iv| = 3.625 Drasr in xm ) 


DG % 
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The VRD-2A solves the equation: 


a _ © & / - 4 Ver sr =} t_.) 


and L the obtained voltage is added to the relative speed voltage which 





Was admitted. ‘to range radar "Kvant" according to the following staves | 


a; 7 | ~ va v) = 0.0K ( | 
Po _ —_ a * EOS 


Us is _—- ata approach . 





Speed rang | from ~100 m sec to £400 ma sec, which corresponds os | : . 
| voltage variation from is v to +16 v. | 
: i “i = a | Total voltage from the gigas of VRD-2A potentiometer is admitted tO 
electronic circuit of: the ‘comparator unit K-68. When the present range to target 
og | . becomes equal or emev lee than the rocket- ~ launching permissible range, then 
the comparator cireuit operates and on the pilot’ S instrument board lights 
4g 7 On the mace lamp “leunch." From this ayers the pilot may launish the K-13 
rocket if all other meqaired conditions are sulfivied. 
Present range voltage is also admitted to a special circuit which, upon 
2 approaching a range of 1000 m, lights on a red signal lamp "pull-out, c thas 
: “4 / - warning the pilot of the ee from further approach to the target. Such 
further approach may result in collision with the aes or damage on the 
fragment vs Of the eee 
On the pilot's ins trument board is necked the oats indicator UD~1. ohig 
ae 7 range to the target, which is in the form of a sorenates graduated di- 
rectly in kn, from 0 to Sim. This range indicator is fed with power through 
operational amplifier of K-8 unit. 
: - 27 = | 
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THE ANTENNA “WAVEGUIDE ASSEMBLY _ | ae [P 26] 
7. «xpplication 


The antenna .wavezuide unit is designed for transmitting high- S 


frequency power from the oscillator to the antenna, the radiation of 


| | 7 | | 
‘this energy into space within the limits of definate spatial angle, the 


reception of signals reflected from the target and their transmission to 
the receiver. . | : 


8. The basic tactical-technical deta of the entenna waveguide channel: : |? 





/ 


1. The width of the directivity pattern in the wide beam mode/mode - 


os 


D0 ‘in planes E and Hy and is 69 + + ho! in the narrow beam a 


“ mode/mode wpe 3 in both planes. 


2. The side lobes do not exceed 5% of. the maximum = both modes. 


3. The gain factor of the antenna is equal to 85 in mode "A" and 


. “550 in mode np, 


4 The stariding wave ratio of the antenna »waveguide unit does not 


exceed 1.5 at frequency range: of 9370445 Mc. 


The antenna-waveguidés unit of the "KVANT". range-finding radar con- 


sists of two. structurally combined antennas and a wavéguitie: channel with 


a ferrite commutator, which provides for switching the operating modes of 
the station/wide and narrow /beam/. 
: _ The gain factor is determined _ by comparing the’ antenna . | {P 27] 


being tested with the standard one, the gain factor of which is iow from 


| the EO ae anS forma. 


G isp=G et x —— _ = ' « where 


S-E-C-R-E-7T 
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G isp is gain factor of the antenna being. tested. 


G et is the gain factor of the standard antema. 
: ? 
P isp is the power being received by the antenna being tested. 


P et is the power being received by the standard antenna. 


_The gain factor of the antenna for the "KVANT" range finding radar 


is equal to 85 in the wide beam /mode "at / and 550 in the narrow beam 
— oa | 


For a more complete transmission or the transmitter power .to ene 


eee matching of all the high frequency channels is of great importance.” 
. The. matching of the high frequency channel is characterized by is value 7 


: of aes standing-wave ratio. 


ti an ideal case, during the absence reflection, a traveling-wave | 


mode is established in the high-frequency channel /during which SWR=1/. 


ee the ‘presence of - reflection, & standing wave appears. in the channely | | 


a 


. such Standing wave is formed as & result of the composi' scion of incident 


: done reflected waves. — 


r 


The standing wave ratio is defined .'as the ratio of the maximum | 


value of voltage in the. line to the. minimum 


KSB (wR) a 


the better the matching, ‘the smaller the difference between U maximum and 


U minimum | » and consequently the smaller the magnitude of SWR. 


The standing wave ratio in the antenna-waveguide unit of- the "KVANT" [Pp 28] 


range-finding radar does not exceed 1.5 in both modes. 


~The: wide directivety pattern of the "KVANT" range finding radar /mode . 


oo +) ow thie r~ wiih 
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"Ais radiated by ‘the horn antenna. ‘The erroctivaty cree of the horn 
- antenna depends on the dimensions of the ia its length and size of the | 
aperture or a output opening. 
In the horn antenna a dielectric lens is intalled in the aperture of 
the horn. ‘The dielectric lens serves to equalize the field phase in the 
_horn aperture, which, in turn, leads to ee gain factor and lower inten- 
sity of the side lobes of the Seppe ae, pattern. the side ies are re- | 
sponsible for useless diffusion of a art or the radiated power and for Low- 
ering the noiseproof feature of the station. The electrical field of the 
horn has vertical polarization. The horn sitanne Ve connected to the wave- 
guide through a coupling transformer with a 12 x 23 ma Cross section, and is 
i sande in designated range of frequencies with, the’ aid or ‘a matching stub. 
The air-tightness of the antenna is achieved with the aid of sole 
| styrole a es which is pasted ‘to the mouth of the horn with epoxy. 
resin. 
The narrow directivity pattem /mode "Bor the “KVANT" range finding 
rane is radiated by the reflector antenna. 
) 3 “tthe perineten antenna is a radiating device in which: the electro-_ P 29 
magnetic waves: from the primary exc’ iter Ls directed ‘by the reflector into 
space within the limits ofa certain space angle, cependins on the diameter 
of the reflector. | | 
_ The antenna reflector is @ ices parabola with a diameter of 360 mm 
and a focal distance ‘of 200 mm.. The focal distance was selected in ‘such a, | 


manner ‘that the primary radiating element of the reflector enecnae 
= 30- 
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would in a least degree overshadow the radiation from the horn antenna 
located behind the reflector /fig. &7. 


¥ 


The primary exciter of the antenna ‘nie horn radiator. The size of 
the horn radiator «is selected in such a manner that the radiation direc- ' 
tiveky pattern formed by it would hava in ‘the direction of the edge of bers: : 

| reflector, Considering the spatial ena an pene 0. 1-0. i 
3 times or the maximum power, thus an density at the edge of the . 
Bapabelield becomes 6 to 10 times smaller than at its central part. 
Under such a condition, the optimum value of the reflector surface | 
utilization. ratio, whi ch is necessary for obtaining the maximum gain 
‘“Lactor of the antenna for a given diameter of the reflector, is provided. | 
The polarization of the electrical field of the antenna is horizontal. 
ca The horn exciter is off the focus by 6°, _ This makes aio possible, 
firstly, to reduce the effect of the reflector surface on maton the 
waveguide channel and, secondly, to remove the exciter of the reflector 
| antenna from the radiation zone of the horn sated: 

Since part of the energy of the horn strikes the exciter, is reflected 
from it, and during the second reflection from the reflector it narrows ‘the [P 3c 
radiation directivety pattern of the horn antenna, A netal grid made of- 
vertically arranged wires is installed in the aperture of the horn exciter. 
(iies 8). | | | | 

‘Such a grid is transparent to: the electrical field with horizontal - 
polarization, since the vector of the electrical field is perpendicular 


to ‘the direction of the wires. For the electrical field with vertical 


‘polar rization, the vector of the electrical field is parallel | to the 


-31- 
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direction of the wires, consequently, for such a field the grid is sie ak as 
Lent to a metal screen which completly reflects the electromagnetic field. 
The grid in the aperture of the exciter is Located in such Preaier that the 
energy of the hom antenna, the electrical field of which has sores polarize- 
; “bion, will be dispersed by reflection from the: grid. | 
| The wires of heonee grid of the exciter are fastened to a bushing 
| made of foam polystyrole. The bushing is pasted to the mouth se ahs horn | 


- exciter with. epoxy resin, thus forming air-tightness of the high-frequency 


- channel. c 


The horn and. reflector anterna are fastened to a common mounting by | 
a cast magnesium alloy bracket,while the horn antenna is located behind 
_ the central part of the ‘reflector antenna. For this reason, the bathers 
made in ie form of a “istal grid with horizontel wires which makes it trans 
' parent to the energy radiated by the horn antenna. = % = [P 32 
The combined antenna is fastened to thé airplane with the aid of - 
four bolts, which are mounted from the side of the reflector, through 3 
special hole to a cast bracket and auxiliary fasteners, provided on the | 
airplane. © } } 
| 9s Waveguide Channel 
Block diagram of waveguide channel is shown on fig. 9. 
‘The gayest is built with rectangular aluminun waveguide 


of 23 x 10 mm cross section, except for ferrite commutator. — 


High-frequency admitted to the waneauide channel from receiving-trans- 





mitting unit (unit RB6-2M) is fed to the ferrite commutator, which in 


| : cae directs it into one of the antennas depending on mode of radar operation. 
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Co: . + 10. Description of Ferrite’ Commutator 
oe The ferrite commutator switcheseon the two antennas alternately, thus 
| 3 


fs , Raddating different directivity patterns. 


‘The polarization plane rotator and a tee’ form part of the commutator. 





pore te commutator operation is besed mthe principle of polarization- 
, 0 plane money ones | t 


The ferrite stub, Located in transverse magnetic field, rotates | 





1 " polarization | plane of electrone genetic wave that passes through it. | ‘{p 3} 
‘ Ferrite polarization-piane rotator is in the forn of a square - 

' 21x 21 mm waveguide section, inside of whieh in a fluoroplastic insert is 

| ~ mounted” "grade M- “TT . Lerrite stub of the following sizes | 

4 ds6, 7 mm ae - =70 mm | 

4 Gieetcemanee winding of 3,000 turns from .2mm PEV. wire. is placed 

1 * re the saudi we rene... oe i 

; : — w=3,000 turns 

| bes sad of the square waveguide ‘polarization rotater is terminated 

: wy a aetna ee er which is needed for'transition from the 2lx2lmm 

1 | waveguide to 23 x 10 mm waveguide. | | | 

1 - To the other: end of the polarization rotator is connected a tee, the | 

J outlets of which ie 90° with each other (see fig. 20) 

4 ; a : For ae "A", a current of tae order of 50 milliamp- passes iesudh ee 

q | * . ceilecraonaense Haine... Such current ensures polarization-plane rotation 

3 Y ‘by 90°, ices, the passage of steceienssnctie energy to ¢hannel I. 

a - : | “= She 

; ee - 3 lg tee S-E-C-R-E-T 
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For mode “Be 2. current of the order of 5 milliamp, need to penne: | 
ae 


¥ 


ee 


‘residual magnetism, is passed sasouen ae electromagnet winding. _ Stich 


il 


. : residual Magnetism pipinates in the. ferrite stub during “operation in mode - 


ae Now the electromagnetic ener By is directed into channel ee curren 


/ 


J 
direction . ain the ferrite-conmutator winding in mode "3B" 1s opposite to 


| that for mode. om, 


Blectronagnet | current switching is | effected by R63 relay, Located 


in. unit K- é, which is actuated by the mode signal, To ensure operation : 





ae at high altitude, the waveguide channel is nade tight with the aid of =” — 
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IV. RECEIVING -TRANSMITTING UNT?. 


ll. Application 


/ 


The RB6- eM receiving-transm tting oat goes into the makeup of the ‘{P 


"RVANT" airplane radar -venge finder and is seed for generating powerful 


high frequency emiees : ene of the antenna from transmission to recep- 


tion, reception of the signais reflected from the target and their preampli- 


fication. 


in addition, the receiving-transmitting | unit performs automatic 
frequency control of the local ssetiiates and generates puises, which syn~ | 


chronize the aeration of the entire station. 


12. Make up of the unit 


Se awe she’ receiving ‘ae, transmitting unit consists of the following elements: 


be a) submodulator; 
pb) Modulator; 
v) peaaatien, pect ietoe 3 
. B) antenna awiten: 
d) mixer of the receiver; | a - : y, ee 
e) mixer for the APCh (automatic frequency control) ;s 
zh) klystron oscillator; | 
Zz) preamplifier for intermediate frequency /Purch/ : 
i) high-voltage reetifier; | | 
k) pecueiias for the pre-ionizer; | ° . | LP 3’ 
1) systems for automatic frequency control -6é the kiystron sketitie- 
tor /APCh/. | ; 
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13. The basic tactical-technical data of the unit 





The eeceiving-transmitting unit has the following basic -parameterss: 
| a) pulse power of high frequency ee 2 
| Pimp > 5 ky 
b) aie frequency of high frequency oscillations in a range of. 
9370 + 45 Me a 
v) duration of nodulating pulse 
| 7 imp. = 0. eee microsec 
g). the band wiath of high frequency oscillations at the 
Bene | Af < 6m . 
| d) pulse: — rate 
= 800 + 100 pps 
| e) gynchecni.setion-pilce amplitude is not less than 80 v. 
zh) the average current of the magnetron is equal to 1.9 O71 ( 2). 
2) The crystal current of the receiver channel is 0.2 t 0.8 etna 
i) The crystal current = the APCh (AFC) iene is 0.4 2.2 ma. 
k) The ignitor firing current of the ATR ue is 70 to 95 microenp 
: 1) The average intermediate frequency PUBCh is 30 + 0.5°Me- 


m) Overall dimensions of the unit are: 


D = 240 mm 
L= 388 mm 
po on) the weight of ‘the unit does. not exceed 12.1. kg. LP 3 


7 0) The unit operates normally: ~- 
i : ; - 38 eats 


— : . SPOR PLM —_ 
OD 90X1-HUM 


Declassified In Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030700180001-1 








eee oeeliee in Part - Sanitized Copy Approved for Release 2013/01/20 - CIA-RDP80T00246A030700180001- 1 
a a oe a i i 
5OX1 -HUM| | 











a during a temperature ‘change an the surrounding atmosphere from 
/* 50 ¢ to -60 C. —_ | 
bf after remaining 48 hours in a atmosphere with a relative humid- 
ity of 95-98% at @ temperature of +2045°C. 
| v/ fat altitude of up to 25,000 meters, [that is at an atmospheric 
pressure of. up to 18.6 mm Hg. ] | 
lb. Description of Unit Operation 
According to the Functional Diagram 
| | (Fig. | 113 
Blocking oscillator of the submodulator utilizes the lett pane of the 
12-5 (6NIP) dual triode; it generates poitive voltage pienece 220 v ampli- 
tude end 5 to 8 cores diivation with repetition rate of 800 pps. These 
aiises passing through the cathode follower, which utilizes the right half of 
the dual triode L2=5 (aur), control the performance: of. the modulator discharge tube. 
Pulses from the locking oscillator 12-3 are also admitted through the 
cathode follower L2- WC ONSP) to the AFC system, where they are used for manip- 
wlation: (modulation) of ‘the sereen grid of the pentode 12-18(6NIP). 
The modulating Pulses of 5.5 kv amplitude ; 0.65 microsec duration and 
| repetition rate 800 pps are formed in. the modulator . ‘assembled as a 
circuit with artificial me shaping line and hydrogen thyrotron 12- T 
(TGI-1~-35-3), the latter sees as a discharger, and’ are then fea to the magne tron 
12-9 (ur 158) 
Magnetron oscillator generates pulses of 0.5 microsec duration and a [P 39] 
not less than 5 kw power. | | 
- 39 - 
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Powerful page ~frequency pulses on magnetron oscillator are admi uted 
to antenna pe are then irradiated into space. Due to the aa of an~ 
tenna switch in form of a R-21(12-12) ATR ane: the receiver ‘becomes aie . 
connected during we eradeni ties of main pulse. : 
Negative synchronizing pulse with amplitude of 80 v is aise iets from 
the modulator which is fed to iP amplifier for disconnecting the receiver | 
during transmission of main pulse » ror disconnecting the noise AVC circuit ‘ : 


during reception and for eae ‘fast sawetooth" malt ivibrator located 4 


‘ 
f 


in the range unit, 
| Part of the energy or the high-frequency pulse from the Magnetron oscil- 
| lator is admitted through abtenuator to the mixing chamber of AFC, where the 
crystal detector D2-1(D2-2) ects as a mixer, .To the AFC mixing chamber are 2 
| also admitted continuously high-frequency oscillations from De cse ee ; 
‘lator 12-11(K-27). | 
As a result of mixing. of two high-frequenicy oscillations y 4b the sae 
- of the AFC is formed a ‘Pulse paving & frequency equal to the difference eae 
tween the ae of ilystron Sex oscillator and the frequency of magne- 


. SN, 


tron oscillator. 
| ‘This pulse is anplifiea by two IF stages of the sah circuit assembled 
with diodes (12- -17,12- 18) , and is then admitted to the disciminator circuit [P 
incorporating the dual diode 12-19(6Kh2P). Detected pulses from the discrimi- 
as nator output are fed to the: two-stage. piles ap ties incorporating dual 
: triode p2-20/6N3F/; here they are anplifiea and fed to the control tube, i. be. 


the right half of tube 12-21( 612) ; were ‘second detection of the AFC PAIS | 


ee takes place. 
- },0 - 
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Negative sie from L2-21 tube ie fed to the repeller electrode of the 
kiystron. | =, a | | - | 
If the fluctuation of IF exceeds the kliystron sineunene Aint ts ; ear 
the blocking oscillator pulses from left Half of  12- 21(6N2P) tube are fed to | 
right Half of 12-20(6N3P) tube , thus replacing the ‘pulses arriving from the 
discriminator. The AFC circuit forms control voltage which maintains the 
klystron Sa at a Voltage that is 30 Mc higher than the magnetron 
frequency. | 
‘During receptionythe pulses reflected from: target are admitted into main | 
" waveguide through the ATR tube 12-12(RR-21) through the mixing chamber of the 
‘receiver, where crystal diode type ‘D4056, D4O56A(D2-3, De-k) act as mixers. 
To the mixing chamber of the receiver are also admitted continuously oscil- 
lations from klystron local oscillator. A number of frequencies are formed. 
after mixing , from which the 30 Me iF if papeeese out on the load of the te 
receiver mixer (input circuit of IF preamplifier). 
After passing all eeanee of the IF preamplifier, seemed with L2-1, [Pp he 
12-0(62n18) tubes, the amplified signals are fed to the input of main IF an- 
plifier of the range unit. 
| High-voltage rectifier assembled with 12-6, I2- 5(6878) tubes supplies 
power to modulator tube I2- T(TGL-2-35/5) at a voltage of ~1450 v. 
—_ Firing rectifier is assembled with L2-10(Tkh-2) I2- 15(SGsB) and I2- 16 
_ (6S7B) tubes and it feeds power to discharge tube D2: 212(BR-21) at a voltage. 
: of -750 - Vv; which ee firing of the discharge tube aon the operation 


of the unit during its operation of transmission. | 


~ ))2 . 
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/ 3 | 
s 15. Description of the operation of the unit according to 
" 7 the schematic diagram 


SPN h2 | (Low frequency unit) 
a) Submodulator (fig. 12) 


. - » ee aes - - = sa aa ai 
oe ee te et cre H ore 


' The operation of the modulator is controlled by a submodulator 
in which voltage pulses of the required amplitude, duration, shape, 
and repetition rate are formed. 


. os eg 
: Si a ‘ ae a pS 
petty tee ee Pee Mint cee oe” eT 


, 
Se Be i athe doe ee 


The submodulator comprises a double triode type 6N1P (L2-3) . ana 
consists of two stages: a blocking oscillator with self-excitation 
' which occupies the left half of the tube, and a cathode repeater which 
occupies the right half of the tube. | 


The pulse from the blocking oscillator is used for manipulation 
of the AFC system for the emission time of the main pulse. 


. < fe es 
‘ a ae 


.-«< In order to eliminate the effect of the submodulator on the AFC 
circuit, a tedeger pulse is sent through the cathode repeater L2-4 
_(6N3P). | | | 
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b) Blocking oscillator (fig. 13) 

The blocking oscillator or pulse generator with transformer 
coupling is a single-tube self-oscillating system of the relaxation 
type with strong positive feedback, making it possible to generate 
short pulses, under certain conditions, which are close to square 


- pulses in shape (fig. Lh). 


We will begin our examination of the operation of the blocking 
oscillator from that momentt, when the left half of tube L2-3 (6N1P) - 


is blocked due to the voltage drop across resistor R2-10, which is | 
caused by a discharge of capacitor C2=-Lh; the latter was ere, to - 


a voltage Us4 with the polarity shown in figure 15. 


Consequently, at this moment the voltage Ug between the grid. and 


the cathode will be Ug = Ust. 


Discharge of the capacitor occurs exponen aeiy with a time 


 eonstant equal to the product of capacitor C2-1 and resistor R2-10. 


We will disregard the voltage drop in the secondary winding of the 
transformer since its resistance for the discharge current is very 
small. : | 


At the moment t, there is a point when the voltage in the grid 
reaches the value Ey, after which the tube opens and the anode 
current 1,, which will pass through the primary winding of the trans- 
former, begins to build up (fig. 15). 


A voltage Up will be induced in the secondary grid winding. 

The ends of the secondary winding are connected in such a manner that 
the voltage in the grid increases as the anode current increases. 
This voltage has positive polarity relative to the cathode. ‘this 
voltage increase in the control grid of the tube of the blocking 
oscillator causes an even greater increase in the anode current. In 
addition, there will occur a decrease in the voltage of the anode of 
the tube due to the increased voltage drop in the primary winding of 
the transformer. 


The increase in anode current causes a further increase in. 
voltage in the control grid of the tube, and this, in turn, causes an 
even greater increase in anode current, etc. This process of 
avalLanche-type build-up of anode current is called a direct blocking~ 
process. : : 7 


= 15 
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Naturally the anode current cannot build up infinitely since it is 
limited by the characteristic of the tube. 


' It should be noted that in the beginning, the rate of voltage 
| build-up in the grid increases. 


The increase in grid voltage is linked to a corresponding decrease 
in voltage in the anode of the tube, which becomes less than the 
voltage in the grid of the tube. This situation gradually moves the 
operating point of the tube toward that region of the tube character- 

istic where, because of the decrease in steepness of the anode current 
characteristic and the increase in steepness of the grid current 
characteristic, the necessary self-oscillating conditions for the 
existence of the blocking process no longer exist. 


As a result of this there appear forces which lead to a decrease 
in the rate of build-up of voltace Ug in the grid, although voltage U 
_ itself continues to increa’lse. With the increase in voltage in the grid, 
. the steepness of the characteristic assumes smaller values and, conse- 
a quently, the forces causing the decrease in the rate of build-up of the 
A .» ° woltage increase. It is therefore natural that finally, at a particular 
ee. moment t; very close to the moment tz , the voltage at the grid reaches 
7 a 3 ‘a maximum Ug max, after which there follows a stage of comparatively 
a ‘2 slow change in the voltage Ug at the grid (the flat part of the pulse) 


as well as all remaining voltages and currents. 


" 
4) oa 
eaters fk Py 


_ At the onset of this stage the voltage at the grid begins to a 
decrease rather slowly; however, this decrease does not at first cause 
a noticeable weakening in the anode current due to the small value of - 
the steepness of the tube characteristic in this region. Since in this 
stage Us > 0, and the voltage at the anode is sufficiently small, a | 
73 rather large grid current commensurate with the anode current passes» 
os ty through the tube. As a result of this current, capacitor C2-1) charges, 
. leading to an increase in voltage Ug. With a decrease in voltage at 
' the grid, the operating point of the tube gradually returns to the 
region of the characteristic in which the steepness assumes greater 
values. : | 


+” ” 
it 


bd 


a, a ie oS iS ‘ 
oe vt * “4 Tae ty RE 
Meee At ot BM ae eed a2 
oy. th 2 te" Miz x eae 3 SF 


At a certain moment tz , the steepness of the characteristic 
reaches a value at which the condition for existence of the blocking 
effect is again satisfied. The decrease in voltage at the grid begins 

bt, _ to cause a more noticeable decrease in the anode current of the tube, 
SPN8 . which leads to a voltage decrease in the windings of the transformer. 
_ s As a result of the decrease in U, there occurs a‘further more intensive 
g e .:-. «© decrease in the voltage Ug at thé grid of the tube; this causes a still 
greater decrease in the anode current and, in this manner, a blocking 


7 oes fe # 
v4. 


: . 50X1-HUM 





is 


“ Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030700180001-1 





SEY 






Declassified In Part - Sanitized Copy Approved for Release 2013/01 129 : CIA-RDP80T00246A030700180001- ie 












aay, 
"$e 


* 
tm eet 





oe 
ee 


Pt 


ee 
1 ad 






- was a- TRA 






oe om 7 






-2 


e 


fe gmc ea 


* 


eae 
’ 
ame 


sta: 





e 


p 











ee ae 





































































































‘ anaes) 2 
. wea |S 
“3 = 3 7, hes 
Sade : ‘ 
_  & Sg 
| ent 
: 4 i 
a ys Coe 
; po SS ' ‘ 
. fl at 
Ss .* . 
eel P 
ae oF 
fie 2 
+ ee . | 
af . * ¢ ; 
> « s byt 2 
ve 4 7 Sa ms 
ae Diepes & 
' : ‘ oh “are é * : 
i 8 a2 , 
: Leg aes 
. 5 < < = oa 
| ig 4d 
yoo 4 
; ra s i 
a t, s 
i oie, 7 
25) 
a. a 
2 
*/ h 
. ‘ : | 
nfo. . | 
. . * : : 
. i, 
. +t 
3 eof thadge: ‘al. woltay 5 Oe. - uae 
: : 2 I: Blot ince eee a oa and currents, feo: 
Sin blocking ostiMater: circuit: ae ROP eee 
en REE Lie et ee eat 3 
Pa “ a lie, 
' $ SECRET 
| ee we ae ae ae ah 
a ae _ os atte, i ee ae eee a ee ek . eof ie x 
oe ra 22 A? ae Same dow : i 
| | | Sed bank -aead agin acca ree 
. DSIONVSS KVS caus OVID SIMOWLS OMLMICAL “DUEASY2K HOS 
? * 
va ANVdhOD 3MO"U WH ZL JIVOS INI ‘t 3048 © 
> Lg Rg ’ 
Ne ee eis re SS RE et os ue . x onan tee ee eet bar he i were Bee ee aa see aw ee i a oe a aa oP grit cae 





Declassified in Part - Sanitized Copy Soca for Release 2013/01/25 : CIA- RDP80T00246A030700180001- 1 


Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030700180001-1 


50X1-HUM 





effect phenomenon similar to the one descripved above but acting in the 

opposite direction originates. This "reverse" blocking effect leads to 
a sharp drop in voltage at the grid of the tube and a rapid blocking of 
= the oscillator tube. 


At the moment the tube is blocked, short~duration emf's of rather 
high value and opposite polarity, which rapidly drop to zero, are | 
| .. induced in the transformer windings. After blocking of the oscillator 
1, there begins a stage of slow discharge of capacitor C2-1l in the grid 
circuit; this is the point at which we began our examination of 
processes in the blocking oscillator. | 


The duration of generated pulses is determined by the parameters 
of the grid circuit of the tube and the parameters of the pulse trans- — 
former. The pulse repetition rate is determined basically by the 
time constant of the discharge circuit of capacitor C2-1l. ‘The pulse 
repetition rate may be regulated by changing the value of resistor 
R2-10. The output voltage of the blocking oscillator is taken from | 
an auxilliary winding of the pulse transformer, applied to the grid of 
the cathode follower (the right half of tube L2-3), and represents 
positive pulses with an amplitude of 220 v, a duration of 5 to 8. 
microseconds, and a repetition rate of 300 pps. 


ue a Resistor R2-13 is connected in parallel with the output winding of | 
| SPN 50 the pulse transformer and forms the ballast load of the winding. 


es A positive pulse for triggering the AFC system is taken from this 
winding of the pulse transformer. The trigger pulse is applied to 
triode L2-l; (6N3P) which is introduced into the circuit for the purpose 
of decoupling the input circuits of the AFC system and the modulator; 
the triode also plays the role of a limiter. 


| In the cathode of L2=l; (6N3P) is the divider R2-20, R2=l from 
which the trigger pulse passes through the coupling capacitor C2=3), 
to the screen grid of tube L2-18 (6Zh1P) of the second rf amplification 
stage of the AFC system. Figure 1 shows the pulse at the output of 
the blocking oscillator. | : 


_ In order to decrease the influence of the blocking oscillator on . 
the other circuits of the radar, a decoupling filter consisting of 
resistor. Re=9 and eaDeCETcr C2-13 is connected to the oscillator anode 
circuit. . 
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J a v) The cathode follower 


Positive pulses from the blocking oscillator are taken from the 
auxilliary winding of the pulse transformer and applied to the grid of 
the cathode follower (fig. 16) in order to avoid the effect of the | 
- modulator on the blocking oscillator of the submodulator and for the - 
‘purpose of matching the anode resistance of the load and the output © 
resistance of the blocking oscillator. | : 


| The load resistor R2-12 is selected so that the amplitude of the 
derived pulse will be no less than 150 v. Figure 17 shows the pulse 
at the output of the cathode follower, | : 


g) The modulator 


The modulator of the transmitter is based on a circuit with an 
artificial pulse-forming line LF2-1 which discharges through the _ 
thyratron type TGI-1-35/3. The circuit of the modulator is. given in 
figure 18. | | | 


a -. Operation of the modulator mary be divided into two stages: the... 
_ recharging stage of the pulse-forming Line, and the resonance - 
__vecharging stage of the line. | 


Ps During pulse recharging of the line a negative Square pulse with 
an amplitude of 5,500 v is formed in the secondary winding of the pulse 
transformer and is applied to the magnetron, which forms the load of 
the modulator, . : | | : . 


. For an explanation of the principle of operation of the modulator 
_ we will convert the modulator circuit to an equivalent circuit (fig. 19). 


A negative voltage of -1,1:50 v is applied to the cathode of the 
thyratron from the high-voltage rectifier, which comprises tubes TKh=-2 
(L2-5, | L2=-6) e : 


At the moment a positive trigger pulse from the submodulator 
arrives, the thyratron is fired by the -1,)50 v source and the pulse- 
forming line recharges in’ such a manner that, toward the end of the 
recharging period, the voltage in the line is equal in magnitude to 

_ the voltage at the cathode of the thyratron; that is, it is equal to 
_ the voltage of the -1,450 v power supply. When the recharging period 
. terminates, the thyratron is extinguished and the pulse-forming line 
slowly begins to recharge through the following circuit: the pulse- 
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oe .. forming line, the primary winding of the pulse transformer, and choke 
 SFN Sk Dr2-1 (fig. 20). 


| A diagram of the discharge circuit of the line is shown in 
. figure el. 


The recharge circuit represents an oscillatory circuit whose 
capacitance is the total capacitance of the pulse-forming line LF2-l 
and whose inductance L is the inductance of the choke Dr2-1 (the 
inductances of the pulse-forming line and the primary winding of the 
pulse transformer. may be disregarded because of their small value in 
comparison with that of choke Dr2=1). Thus, the parameters of the 
_ oscillatory circuit are selected so that the period of natural oscil- 


q -. . ations is equal to T = = » where te is the pulse repetition rate 
; a . . ‘ ; S . ; 
qd... of the submodulator. . 


Figure 22 shows a graph of the voltage change in the pulse- 
forming line. It can be seen that, for a period of natural oscilla- 
tions equal to T, the trigger pulse of the submodulator arrives at the 

moment when the voltage in the pulse~forming line, as a result of the- 

~ resonance recharging of the line, becomes equal to+1,))50 v. With the 
arrival of the positive pulse, the » Mayaeeren fires and the period of 
‘pulse recharging begins. 


~ oo The trigger pulse to the grid of the tepeciees passes through a 
ae | ‘coupling capacitor.C2-16 and a resistor R2-15 which serves as a limiter 
of the thyratron grid currents. : 


S Resistor R2=-1h, is a leak resistance in the control grid circuit 
of the thyratron. 


CS Figure 21 shows an equivalent circuit of the pulse recharge sys~ 
SPN 56 tem of the line. It may be seen from the picture that at the moment 
| the thyratron fires there are two series-connected emf's in the 
recharge circuit -- the emf of the battery E and the emf of the pulse~ 
-forming line, which is charged to the voltage of the power supply. 
. These emf's are loaded with two resistances ~=- the characteristic 
impedance of the line and the resistance of the load, which is equal 
to the characteristic impedance of the line. Thus, a voltage approx-~ 
, imately equal to twice the voltage of the power supply is applied to 
: a the anode of the thyratron relative to the cathode. In view of the 
i, - equality of the characteristic impedances of the pulse-forming line 
a and the load, this voltage will be, in the ideal case, equally distri- 
' buted betes them, and in this manner a voltage will appear at the 
load which will be'equal to the Nore ee of the Pa ouce supply. 
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_ From the theory of infinite lines it is known that a line ieaded 
by a resistance forms within it a square voltage pulse, the duration 
of which is determined by the recharge time of the line which, in 
turn, is determined by the parameters of the artificial long line. 
Thus, the best shape of the pulse and the greatest efficiency will be 
obtained by completely matching the characteristic impedance of the 
line with the load resistance. (The resistance of the fired thyratron 
may be disregarded due to its small size). 


The modulator of the unit uses a Ceebieent artificial line of 
the. link type. Its parameters are: : 


total inductance L 


16.5 microhenries 

4,300 picofarads 
8 ohms 

0.65 microsecond. 


total capacitance 
characteristic impedance 
shaped pulse duration | as 
(for a level of 0.5) 


tt fi oo 


_ As was noted above, the magnetron is the load of the modulator. 
But since its resistance for the given operating conditions differs 
sharply from the characteristic impedance of the line and is equal to 


1,300 ohms, direct connection of the magnetron to the modulator would 


lead to mismatching of the line, a significant decrease in efficiency, 


' and to sharp distortion of the shape of the modulating pulse. 


In order to avoid this, the magnetron is connected to the modula-_ 
tor through the pulse transformer Tr2<5, which makes it possible to 


“match the characteristic impedance of the pulse-forming line with the 


resistance of the magnetron. In this case the resistance of the 
primary winding of pulse transformer Tr2-5, taking into account the 
total resistances of its auxilliary windings, is equal to 68 ohms; 
that is, the pulse-forming line is loaded by a resistance equal to its 
characteristic impedance. 


In addition to performing this matching function, the pulse 
transformer is used to obtain a pulse in the secondary winding having 
an amplitude several times greater than the voltage pulse in the pri- 
mary winding (on the order of 5,300 + 5,700 v). This makes it possible 
to use the sources of lesser voltage and, consequently, also simplifies 
high-voltage protection of the circuit of the unit. 


The pulse transformer has a double secondary winding through which 
the filament voltage passes to the magnetron. Such a filament supoly 
circuit makes it possible to use the transformer as a filament-supply 
transformer under a relatively low voltage. in order to create a 
closed circuit for the variable component of the magnetron anode cur- 
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rent, leads 3 and 5 of the secondary winding of the pulse transformer 
are blogked by capacitors C2-21, C2-22, C2-23, and C2=2h, forming a 
so-called filament supply circuit with a middle grounding point (figs 23) 


As a result of the fact that the moment of firing of the thyratron © 
relative to the pulse of the submodulator blocking oscillator fluctuates - 
from pulse to pulse within the limits of 0.03 to 0.0) microseconds, it 
is impossible to provide Synchronous operation of the entire station 
from the pulses of the submodulator; therefore, a pulse, in addition 


to the modulating pulse of the modulator, is taken from auxilliary 
winding 7-8 of the pulse transformer for the purpose of synchronizing 


the operation of the station. This pulse has a duration of 0.6 micro- 
seconds and an amplitude of 80 volts. (See fig. 18). In order to. . 


avoid parasitic oscillations, the winding is shunted by resistor R2=26, 


To eliminate "noise induction", the trigger pulse is picked up with the 
aid of shielded conductors. | 


The trigger pulse is taken from winding 7-8 of transformer Tr2-5  ~ 


. (fig. 18) and is fed through the right half of tube L2-); to the 


ranging unit of the station for synchronization. Load resistor R2-l1 = - 
is specially selected to match the amplitude of the trigger pulse. 


A 3 kv spark discharger L2-8 R-l is connected in parallel with 
the primary winding of the pulse transformer. In the case of various 


malfunctions, such as in operating the modulator with no load (the 


magnetron not generating), the spark discharger does not permit the 
voltage in the pulse-forming line to exceed 3 kv. 


A small inductance L2-8 (5 microhenries) 1s connected to tne anode 


- ¢ireuit of the thyratron for the purpose of improving the operating 


conditions of the thyratron. 


In parallel with the thyratron filament is capacitor C2-17, which 


serves. to eliminate stray pulses from the filament and the filament 
| een of the transformer. 


‘The modulator circuit as used in the given unit has substantial 
advantages over other circuits with artificial pulse-forming lines. 
This may be seen in the fact that the voltage at the high-voltage points 
of the modulator does not exceed the voltage of the power supply (1,50 v), 
while the amplitude of the pane at the load is equal to the voltage of 
the power supply. . 


In other circuits the eeitees in the line and at the anode of the 
thyratron is twice the voltage of the power supply (with respect to 
"ground"), while the pulse amplitude at the load is oat to the value 
of the power supply voltage. 
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/ | d) High-voltage rectifier 


The high-voltage rectifier operates in a voltage doubling circuit 


with two thyratrons type TKh-2 (L2-5, L2-6). 


A schematic diagram of the rectifier is given in figure oh. 


The rectifier and voltage doubling circuit consists of two series-~ 
connected Single-phase rectifiers operating with a capacitive load. 


. One of the single-phase rectifiers is formed by the secondary 
winding of transformer Tr2-, thyratron L2-5, and capacitor C2~18a;3. 
the other is formed by the secondary winding of transformer Tr2-, 


_ thyratron L2-6, and capacitor C2-18b. 


Thus, for one half-period the voltage of the secondary winding 
charges capacitor C2-18a through thyratron L2-5, and for the other -~ 
capacitor C2-18b through thyratron L2-é6. . 


The total voltage with respect to the frame which is taken from 
point "a" is equal to - 1,150 v. 


The modulator thyratron is the load of the rectifier. 
Divider resistors R2-22, R2=23, and 2-2) (1 Megohm each) are 


connected in parallel with capacitor C2-18. The purpose of the divider 
is to create a capacitor discharge circuit; that is, it is the ballast 


- load of the rectifier. 


These resistors protect the capacitor from disruption during no-~ 
load operation of the rectifier. 


To provide step regulation of voltage at the output of the high- 
voltage rectifier, the primary winding of the transformer is made with 
taps. By switching the tap, which is connected to a ~ 115 v, 1,00 eps 
network, it is possible to change the voltage in the secondary winding, 


increasing it or decreasing it relative to the position of the switch 
_ by changing the transformation ratio. | | 


ye) Firing rectifier for ATR tube 


The firing rectifier for the ATR tube is tube TKh2 (L2-10) 
(fig. 25). . | 


A voltage of - 750 v is applied to the anode of TKh2 from the 
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secondary winding of transformer Tr2-10, 


| Thé rectifier operates in a single half-period rectification | 
CAPCui ts: 


_ dhe rectified voltage is taken from capacitor C2-31. This voltage 
is applied to the firing current stabilizer of the ATR tube, which 
comprises tubes L2-15 (SG-5B) and L2-16 (6S7B). 


7 The stabilizer circuit maintains the load current during changes 
in input voltage as well as during changes in load resistance. | . 


Triode 6S7B is used as a control tube in the stabilizer. In order 
‘to compensate for large negative bias formed by a voltage drop at the 
cathode resistor R2-39, a constant reference voltage is applied to the 
control grid circuit of the control tube (tube L2-15 (SG5B) is used as 
the. source of the reference voltage). This voltage acts counter to the 
op voltage in resistor R2-39. The voltage is taken from potentiometer 
SFN 66 . R2-78. By using the potentiometer to regulate the bias in the control 
- grid, it is easy to establish the required load current. Resistor 
R239, which is connected to the cathode circuit of the control tube, 
represents a current feedback element with which current stabilization — 
ls achieved during changes in load resistance. Let us assume that _ 
. the load resistance increases for some reason. This causes a decrease - 
. ., in the anode current and a voltage drop in resistor R2-39, and, conse- 
/. quently, a decrease in negative bias at the grid of control tube L2-16,. 
The resistance of tube L2-16 for a constant current will drop and the 
load current will remain almost unchanged. With a decrease in load 
resistance the bias at the grid of tube L2-16 increases, the resistance 
of tube L2-16 increases, and the load current also remains practically 
unchanged. | | | : 
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16, High-Frequency Device of the Receiver-Transmitter Unit | 


SPN 67> 
= a) Function 
The high-frequency device of the receiver-transmitter unit is 
designed for generating powerful high~frequency pulses, for transmit- 
ting the energy of these pulses to the antenna-waveguide system, for 
Switching the antenna-waveguide system from transmit to receive, and. 
for converting the received high-frequency signals to i-f signals. 


_ . The high-frequency device includes the following elements: 


high-frequency magnetron oscillator; 
~ antenna switch; 
-. receiver mixers; 
AFC mixer; and 
klystron oscillator. 


b) The high-frequency device 


In order to perform the above functions the radio-frequency head 
- is arranged according to the block diagram shown in figure 26. 


7 The antenna switch consists of a main waveguide with a discharge 
tube for blocking the magnetron (RBP) and one wide-band discharge tube | 
for protecting the receiver (RZP). 


os 3 When transmitting, a high~power pulse from the magnetron causes 
a the discharge tubes to disrupt and fire and an infinitely large resis- 
-tanee is created at the input to the receiver channel (according to 
cer. F the rule of quarter-wave sections of long lines); in this case all the 
‘SPN 69 energy of the magnetron passes to the antenna without significant 
| losses, and the receiver mixer is blocked to the degree that the 
leakage power to the receiver channel cannot cause damage to the 
crystal detector. 


During reception of the reflected signal from the target, the 
magnetron channel is blocked by the transmitter blocking discharge 
tube, and since the tube is located at a distance which is a multiple 
of half a wavelength in the waveguide from the receiver protection 
} = aischarge tube, an infinitely large resistance is formed at the input 

of the magnetron channel which prevents weak-signal losses in the mag- 
netron branch. | : | 


-63- 

CRORE | 
i | | 50X1-HUM 
Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030700180001-1 








Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030700180001-1 oD 


a 90X1-HUM 
50X1-HUM ; 














LaHXOS 























Cuecumeste 1. 2 
AIG Y s 
= ave 1 mixer , ee 
| K cuemneme Ally, 
- RA eters ah eta. wt. ee anes - 
Fee . erent i iieleieaiGas: eonobnts ee te 
+2 Bevitdis sundibans (OF sede Je: Se! VIET head, | | 





wa oe - 


Declassified in Part - Sanitized Copy eee for Release 2013/01/25 : CIA- RDP80T002464030700180001- 1 








Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030700180001-1 


SECRET 








Thus, the received signal enters the mixer of the receiver without 
signifigant losses. At the same time, the mixer receives high-frequency . 
oscillations from the klystron oscillator which operates continuously 
at a frequency differing from the received signal by the value of the 
_ intermediate frequency. 


Due to the nonlinear characteristic of the crystal detector, an 
i-f signal voltage appears at its output and passes to the i-f ampli- 
fier. : 


Simultaneously, the firing voltage is applied to the trigger 
electrode. 


| There is a separate channel for the AFC system which is connected 

to the magnetron channel through a cutoff attenuator. The purpose of 

the attenuator is to weaken the power diverted to the magnetron chan- 
nel to the level required for normal operation of the AFC mixer. 


Operation of the AFC mixer is identical to that of the receiver 
mixer. 


The difference frequency signal taken from the output of the 
ArG mixer enters the input of a special circuit, and from the output 
of this circuit a control voltage moves to the reflex klystron. Hence, 
the frequency of the klystron oscillator is regulated by the AFC cir- 
cuit by changing the voltage applied to the klystron until the difference . 
between the frequencies of the klystron and the magnetron equal the 
intermediate frequency. Ss | : : 


In this manner, up until the moment of arrival of the signal re- 
flected from the target, the frequency of the klystron oscillator is 
adjusted to the frequency of the received signal. 


v) The magnetron oscillator 


The range-only radar "Kvant" uses a type MI-158 multicavity 
magnetron to generate high-frequency oscillations. 


At the present time multicavity magnetron oscillators are the 
basic type of radar oscillators for the centimeter-wave band. This can 
be explained by the fact that multicavity magnetrons have a number of 
advantages over other types of high-frequency oscillators. For in- 
stance, multicavity magnetrons are capable of providing large values 
of power in a pulse of comparatively small ‘average power, and they 
have a high efficiency which may reach 70%. 
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the magnetron oscillator operates in a pulse mode with a pulse 
repetition rate of 800 cps and generates high-frequency pulses having 
a pulse power P > 5 kw. Frequency of the high-frequency oscillations 
is 9,370 ¢ 5 Me. | . 


. The principle of operation of the magnetron may be represented by 
a diode in which the flow of electrons is acted upon not only by an 
electrical field, applied between the anode and cathode, but also a 
“magnetic field which is created with the aid of permanent magnets and 
directed perpendicular to the electrical field. 


As a result of the action of the electrical and magnetic fields 
on the flow of electrons, the trajectories of the electrons are dis~ 
torted. Their movement may be PEpReSeEntes by the curves shown in 

- figure 27. : 


This curved electron flow, in passing close to slots which con- 

- nect the cavity resonators with the cavity between the anode and 
cathode, releases its energy and excites high-frequency oscillations | 
in the cavity resonators which, by means of coupling loops, are fed to. 
the main waveguide. 


The cavity resonators and the slots form the oscillatory system 
of the multicavity magnetron; the shape of one resonator with a slot 
is shown in figure 28. 


Thus, the cylindrical portion may be considered an inductance L, 
and the flat portion -- the capacitance of an oscillatory circuit 
_ whose natural frequency f, may be approximately determined from the 
formula: 1 


“ OrLc 


In view of the presence of many resonators in the magnetron, its _ 
oscillatory system proves to be very complex and, as is known, has not 
one but several resonance frequencies. In order that oscillations of 

. only one frequency be excited in the system and that the frequency of 
.- the oscillations be stable, so-called cavity resonator strips are used.. 


 . The cavity resonators are arranged in a circle in a heavy copper 
block. A coupling loop is inserted into one of the resonators to con- 
duct the high-frequency energy to the main waveguide, which transmits 
it to the antenna. One end of this loop is soldered to the wall of 
the resonator and the other end is placed within the waveguide. An 
inner wire of the line passes through a glass seal which serves to 
hermetically seal the inner space of the magnetron. 
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In the middle of the anode block is a cylindrical heater cathode, 
which has a comparatively large diameter, providing a sufficiently 
large active surface necessary to obtain a large emission current. On 
both sides of the cathode are shielding discs which improve the struc- 
ture of the field in the interaction space. 


2 The cathode is fastened within the magnetron by means of holders 
SPH 7), . which serve simultaneously as the cathode and filament leads. 





A node on the holder performs the function of a high-frequency 
choke and prevents the flow of high-frequency energy through the fila- 
ment leads. 


A permanent magnetic field is created with the aid of a magnetic 
system consisting of a horseshoe magnet. 


When-a negative pulse equal to 5,500 v flows to the cathode of 
4 the magnetron, the magnetron is excited and generates high-frequency 
44 : oscillations which, with the aid of the coupling loops, are fed to the 
: . waveguide. 


ie For convenience and safety of operation, the anode of the magne- 
: ae tron is grounded (since it is not convenient, to insulate the anode 

q - because of the large dimensions involved), and a modulating pulse of 
negative polarity is applied to the cathode. 


g) Schematic diagram of radio-frequency head 


A schematic diagram of the radio-frequency head is given in 
a figure 29. | 


i a 7 . ne, The radio-frequency head consists of three basic parts: the 
a antenna switch, the oscillator (heterodyne), and the mixer device. 


We will examine each of these parts. 


Antenna Switcn 


The antenna switch, as was noted above, consists of discharge 
a tubes for blocking the transmitter (RBP) and for protecting the 
receiver (RZP). 


‘oe 4 Discharge tube type RR-50 is used as tne RBP and wide-band dis- 
charge tube RR-21 is used as the RZP. Both types are designed to 
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operate in the required frequency range. 


hor pupeees of improving matching, a part of the main waveguide 
in the plane of RZP is made in the form of a 120-degree degenerate 
Y~joint. To accelerate the discharge, the RZP is equipped with a | 
special firing electrode which is supplied by a current-stabilized . 
firing rectifier. | | | 


oi. 3 When operating the antenna switch under low-temperature condi~ 
SPN 77 tions, special attention should be devoted to one other parameter of 
_ the discharge tubes -- the recovery time. It is know that recovery 
time increases sharply with a decrease in ambient temperature. This | 
means that the sensitivity of the radar set at negative temoeratures. 
will be considerably less than required during the recovery period of 
_ the discharge tube, which corresponds to a range of 1,000 to 2,000 m. 
Therefore, a warming system is used in the antenna switch to achieve 
a normal recovery time. . pot 


The warming system comprises a heating element and a thermo- 
regulator. | . 


A schematic diagram of the system is given in figure 29. 


| The heating element and thermoregulator are placed in discharge 
_ tube RR-21. The magnetron blocking discharge tubes do not have special... 
heaters since they have less effect on the total recovery time of the : 
- antenna switch. ae 7 | 


Let us examine the heating system for RZP. 


Under normal temperature conditions when the set is switched on, 
_ contacts 2 of the thermoregulator are open and the heater is switched 
= iOFT | | 


The thermoregulator has been adjusted so that contacts 2 close 
at a temperature of no less than + 5°C, and open at a temperature 
greater than + 40°C. The heater for the discharge tube are switched 
on in this manner through contacts 2. : } 


oe | As soon as heating begins, the temperature in the shell of the 
SPN 78 discharge tube begins to rise. : | 
Thus, the heater system will automatically maintain the tempera-~ 
ture in the shell of the discharge tube within limits up to + )0°C 
_ with ambient temperatures up to - 60°C... A bimetallic strip relay is 
used for the thermoregulator. 7 — 
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‘The mixing device is designed as a balancing network. High- 
reliability silicon detectors type Dl05-B, DLOS-BP are used as mixers 
in the receiver channel, and type DLO5-A, DO5-AP in the AFC channel. 


The use of a balancing network makes it possible to suppress 
klystron noises at the output of the mixer; thus, there is a gain in 
‘sensitivity on the order of 2 db. The balancing part of the mixer is 

a slotted bridge. The bridge connections are compact and wideband. 


The slotted bridge is formed by two sections of a rectangular © 
waveguide with a common with a common narrow wall. In this common 
wall is a slot which forms a coupling section between the two wave- 
guides (fig. 30). . : 


The properties of the slotted bridge are completely identical for 
ce - any arm under conditions when the remaining three arms are loaded with 
es matched loads. 


If a power is applied to arm "1", it will be divided in half be- 
tween arms "3" and "4" and will not go through arm "2". 


ww _ This property of the bridge is explained by the fact that two 
SPN 79 types of waves originate at the boundary of the coupling section which 
ne compensate for each other in arm "2". | 


An important property of the bridge is that the wave in arm Wye 
‘leads the wave in arm "3" by 90. Thus, the power levels in both arms 
are identical. With a phase shift differing from 90 , the division 
of power in the arms is unequal. 


In the practical design of the slotted bridge, equal power distri- 
bution at the average frequency of the wavehand is achieved by tuning 
the slotted bridge with a capacitance control screw. 


When the slotted bridge is used in the balancing mixer, crystal 
mixers are attached to arms "3" and ")", A mixer circuit with reversed 
polarity of the crystals is used in the déscribed radio-frequency head 
(see fig. 31). This drawing shows only the high- and intermediate- 
frequency circuits. 


Let us examine how kKlystron noise suppression occurs in this case. 


The physical nature of i-f noises of the klystron are the same as for 
the received i-f signal. At the same time, the noise components of 
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‘the noise spectrum of the klystron, the frequency of which differs 


from the’ carrier frequency by the value of the intermediate frequency, 
are mixed with the carrier in the mixer and produce klystron noise, 
which have been converted to i-f, at the output of the mixer. The am- 


' plitude of these noises is proportional to the power of the klystron. 


From here their further amplification in the i-f amplifier is undesir~ 
able, since they increase the total noise of the receiver and decrease 
sensitivity. | 


Mathematical analysis shows that if the signal were directed into 
the same arm as the oscillations of the local oscillator, there would 
appear at the output of the mixer with reversed polarity crystals 
i-f voltages which would be equal in amplitude but opposite in phase. 


If the signal were directed into one arm and oscillations into 
an adjacent arm (see fig. 31), the i-f voltages at the output would be 
equal in ener tude and in phase. 


Following this explanation it is clear that the oscillator noises 
entering the same arm as the carrier are cancelled at the output, while 
the i-f voltages of the signal are added, since the oscillations of the 
signal and the oscillator enter different .arms of the slotted bridge. 


Figure 32 shows that in the d-c component circuit both crystals 
are connected in series and the same current passes through the crys- 
tals. Therefore, it is possible to control the current of any one 
crystal. This control is carried out by measuring the voltage drop 
across a know measuring resistor (in our case, 100 ohms.) 


Series connection of the crystals in the d-c component circuit 
provides for automatic positive field current in one crystal from the 


~ current of the other. Such a mixing circuit has a balancing action. 
' No matter to what extent the crystals differ in d-c resistance, impe- 


dance at high frequencies, and in other parameters, when they are con- 
nected in such a circuit the current in the crystals becomes comoletely 
identical and the parameters of the crystals approach each other. 


This latter condition: is very necessary from the viewpoint of 


- the degree of suppression of klystron noises. 


"As seen from the circuit (fig. 29), the balancing mixer has a_ 
single-cycle output and is connected to the se of PUPCh ‘aia ampli- 
fier) by a single high-frequency cable. 


From the viewpoint of coupling to the input of the i-f amplifier 
and measuring crystal currents, a balancing mixer with reversed crys- 
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tal polarity in no way differs from a single-cycle mixer. 


In’ the AFC mixer channel (after the cuesff attenuator [7]) (see | 
fig. 29) is a varsbk resistive attenuator [6] for adjusting the signal 
amplitude from the main waveguide to the necessary value. The cutoff 
attenuator is a circular opening in the waveguide. The attenuation of 
the cutoff attenuator depends on the diameter and length of the opening. 
An Alsifer probe is inserted into the opening of the attenuator to | 
suppress high harmonics of the magnetron signal. ‘ 


The variable attenuator is a pertinax plate covered with carbon. 
Maximum attenuation of the attenuator is not less than 25 db with a 
standing-wave ratio of no more than lel. Attenuation of the cutoff 
attenuator is equal to 51 +3 db. 


Current in the AFC crystals is measured in the same manner as in 


+1. the receiver crystal -- with the aid of a special filter box consisting 
SPN 83 of capacitors and inductances. | 
Oscillator 


| Klystron K-27 is used as the local oscillator in the r-f head of 
object RB6-2i. 


| Ref oscillations from the oscillator [1h] enter the head through 

a special coaxial waveguide junction [15] (fig. 33) which is connected 
to one of the arms of the distributing slotted bridge. The energy of 
the oscillator is distributed in the slotted bridge between the AFC - 

_ and the receiver channels. ‘The fourth arm of the distributing slotted 
bridge is loaded with a matched absorption load made in the form of a 
wedge of special shape. The standing-wave ratio of the load is no 
ereater than 1.2 [16]. | 


| The oscillator and antenna channels are bypassed through the use 

of the balancing circuit of the mixers, which eliminates the passage 
of energy from the oscillator to the antenna and the signal to the 
oscillator. 


Regulation of the power of the Klystron entering the mixer is © 
accomplished by the use of variable attenuators [4,5] of the Laminated, 
knife-type. Attenuation is introduced by lowering the plates into the 
| < waveguide. Attenuation is not less than 25 db with a standing-wave 

| ratio not greater than 1.4. The absorbing plates improve the matching 
of the klystron load. oe | 
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; d) Design features of the radio-frequency head 


/ 
A general view of the radio~frequency head is given in figure 3h. 


In order to decrease weight, the entire radio-frequency head is 
made with aluminum waveguides. The slotted bridges, attenuators, and 
the detector section are made of 10 X 23 mm waveguide sections. 


For compactness, the entire receiver section of the radio~fre- 
quency head is designed in the form of a four-component subassembly. 
All four detector sections of the two balancing mixers are located in 
a line, and replacement of the crystal detectors may be carried out 
from one side of the radio-frequency head. | 


When replacing the crystals it is necessary to make sure that the 
type and polarity of the crystals correspond to the type and polarity 
specified in the r-f head. then this is not done, crystal current will 
be very small or close to zero and sensitivity will drop sharply. 


| ‘The r-f head has two controls for regulating the crystal current 
of the receiver and AFC mixers. The controls have lock nuts. 


The local oscillator section:is attached to the unit separately 
from the remaining part of the r-f head and is connected. to the latter 
by means of a coaxial waveguide junction. ~ xe 


The radio-frequency head also has a filter box consisting of ca~ 
pacitors and inductances which are connected to the crystal current. 
measuring circuit. : | 


L7. Automatic Frequency Control of the Klystron 


AFC (Figure 2) 


The frequency of the magnetron oscillator and the klystron oscil- 
lator may change during operation of the radar. This change may be 
caused by a change in ambient temperature, pressure, power supply 
voltages, or for other reasons. | 


At the same time a change will occur in the intermediate frequen- 
cy, which is equal to: | : 


Sint. =. { kly. 2 {mag. | ‘ 
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where: int. is the intermediate frequency, \ kly. is the frequency 


of the klystron oscillator, and ( mag. is the frequency of the magne- 
tron oscillator. 


The AFC system is intended to maintain a constant intermediate 
frequency by electronically adjusting the frequency of the klystron 
oscillator to that of the magnetron oscillator. The AERC system operates 


from the natural pulse of the transmitter. For this purpose there is 


a branch in the main waveguide line through which part of the energy 
of the magnetron oscillator is diverted to the mixing chamber of the 
AFC, This branch of the waveguide line is a cutoff attenuator with an 
attenuation on the order of 50 db. 


_ This attenuation is determined by computing the maximum leakage 
power to the crystal which will provide for its normal operation. 


The load of the crystal detector is the inout circuit of the AFC 


circuit in which the difference frequency voltage is derived. — 


Operation of the AFC is of a "searching" nature. 


The "searching" AFC is capable of tuning the klystron oscillator 


within wide limits. 


The AFC circuit. functions in the following manner: 


At the moment of emission of a main pulse, a difference frequency | 
pulse passes from the crystal mixer to the input circuit, which is 
tuned to a difference frequency of 30 Mc. 


The first stage of L2-17, comprising tube 6Zh1B, is the i-f ampli- 
fier whose anode load is the standard -band circuit TR2-8, which is 


tuned to a frequency of 30Mc. 


The bias in the control grid is automatic and is formed by a drop 
in voltage across resistor R2-\7. Capacitor C2-39 is blocking for the 
difference frequency. Capacitor C2~38 blocks the screen grid and is a 
filter for the + 150 v circuit. 


The amplified difference frequency pulse passes to the control 


grid of tube L2-18, which is the second i~f amplifier stage. Amplifi- 


cation of this stage is controlled by changing the negative bias at 
the control grid of the tube. A change in bias is made with the aid 
of potentiometer R6-5 ("AFC Gain") located on the control panel K-6. 


In its normal state tube L2-18 is closed and opens only at the 
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SPN 90 moment of emission of the main pulse, when a positive AFC trigger 
pulse (80 v) is applied to the screen grid. — 


Thus, the AFC system operates only on the basis of a natural 
signal, and will not respond to other signals. 


From the anode load of tube L2-18 -- a resonance circuit compri- 
sing coil L2-20, the output capacitance of the tube, and the mounting | 
capacitance, a signal passes to the discriminator, which is based on 
tube L2-19 (6Kh2P) (Fig. 35). 


The discriminator is one of the basic elements of the AFC system; 
it converts the change in difference frequency to changes in amplitude 
of a video pulse, the value and sign of which vary according to chang- 
es of difference frequency relative to a frequency corresponding to the 
zero error signal of the discriminator or, as we will henceforth call 
it, the crossover frequency. 


The input circuit of the discriminator (coil L2-21 and capacitor 
C2-l16 and C2-7) determines its most important characteristics: the 

' width of the frequency band (the frequency separation of the positive 
and negative humps of the frequency characteristic), and the cross- 
over frequency. | | 
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Reutetor R2-59 and capacitor C2-49 make up the load of one diode p 92 
of the 12-19 tube; while the resistor R2-60 and C2-50 make up the load 
of the second diode of 12-19. 

These loads are connected symmetrically with respect to the dis- 

a criminator, while the voltages on them are subtracted, Consequently, 
the output voltage of the discriminator represents the difference of 
voltage taken off the load of each siete of the L2-19. 

‘Shown in figure 36 are all stages of the transition from the 
echenet ts atesras of the input eireuit to the equivalent circuit. 

According to the diagram, capacitor Ca is equivalent to the 
capacitance Subroanced in the circuit by both diodes. Capacitors 
ce-h6, c2-h47, and C3 make up a triangle which is replaced by an 
equivalent star of capacitors Cl, C3, Cosy. | 

- Resistors R2-57, R2-58 make up the "mi dale point" of the coil 
L2-21, and are replaced by one resistor Ra, directly connected with | 

“the middle point of the coil Le-el. 

Shown tn Pieute 37 is the complete equivalent circuit of the 
discriminator. In the circuit, preceding the discriminator, the 
L2-18 tube amplifier is replaced by an equivalent generator "T," 

Half OL coil L2-21 and capacitors Cl and CII make up two 
resonant series circuits, tuned to frequencies f, = 28 and fp = 32 
megacycles. | 

With a change in the wane of the inductance of the coil Le-2l, 

a certain retuning of circuits I and II is possible, and D 93 


consequently, a change in certain range of frequencies for the 
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crossover of the discriminator response. Since the Q-factor of 
‘the circuits is aifferent, arnplitude asymmetry of the negative 
and positive humps of the frequency characteristics results. 
_ Since in the circuit under examination ai the positive hump 
of the frequency characteristic of the discriminator is used, 
the amplitude asymmetry of the humps is quite sesnieai nie 2u8 
is even desirable. 
As a result of applying a frequency difference pulse on its_ 
input, a video pulse ["signal-error"] is generated at the output 
of the discriminator. The magnitude and sign of the error signal 
depend entirely on the extent or deviation at a given instant, of 
ohne diiterence: of neterodyne and magnetron frequencies from the 
Tic Nerualiete Sunsieney: The characteristic oe ene Giverimidaeer 
is shown in figure 38. | 
If the difference frequency is less than the crossover frequency, 
the error signal is positive and is all the higher in amplitude the 
ee the difference frequency differs from the erpseover areuuenay. 
and vice versa, if oie difference frequency is greater than the 
 erossover frequency, then the error signal is negative and is all the - 
higher in amplitude the greater the difference frequency differs from 
the crossover frequency. From the output of the discriminator the 
: error signal passes through capacitor C2-51 to the control eee of 
the video amplifier tube Le-20-a [6N3P] and from the plate load of 
this amplifier R2-62 to the second stage of the video amplifier 


[L2-20-b]. _ 


ee 
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| From the plate of L2-20d the video signal passes through p 96 
capacitor C2-56 to the control grid of the cealetes tube L2-2lb 
{6NneP], yhich operates as a grid-leak detector. 
| . We examine the operation of the grid-leak detector shown in 

‘igure 39. 

If on the last video amplifier a positive video pulse appears, 
then Se C2-56. starts to charge up with respect to the C2- 56 
cixeuit: _ the grid-cathode section of ‘the tube L2- 2lb, Ce- ~918, 
ground, the 150-volt | power supply, ee Be eee 

‘The time constant of this circuit is small, since during the 
time of duration of the video pulse the capacitor is able to 
"charge up almost to the amplitude value of this signal. 
After termination of the video pulse, the capacitor starts to 
. aaacharee through the ens internal resistance of the tube 
osobe epound, capacitor C2-57a, resistor R2-75, capacitor C2-56. 

The time constant of this circuit is ‘iarce and sapuelion 
C-56 de ae able to discharge completely before the arrival of the 
next stiee, 

The discharge current causes the appearance on nesiscor Re~-1) 

(of a voltage, applied negatively with respect to the control grid, 
which drops the current through tube Le-2lb. 

Because ‘of this, the voltage drop across resistor Re-73 is 
lowered, and the negative voltage at the output and feeding the 


' klystron heterodyne repelier rises, which increases the generating 


frequency of the klystron. 
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| Therefore, the next pulse a) in the ae (AFC) system p 98 


“willehave a higher difference frequency. In the discriminator, 


this pulse is senverted to. a video pulse with a smaller amplitude than 


if the preceding video pulse. This is clear from the frequency characteristic 


of the discriminator (figure 38). 


Since capacitor c2- 56 is not able to aischarge completely vefore 


‘the arrival of ‘the next video signal, it is only given an. additional 


Aa charge from this: signal, but of a smaller peenAeane 


In the event of arrival (of the pulse at one input, the difference 
frequency which equals 30 megacyékes, ite orig detector is established 


patenee, i.e., the capacitor is given an additional aieces egual to 


- the discharge prior to the arrival of the see video pulse. At the 
Output | ‘of the, AFC, in this case, the VOLE! which is fed to the 
= klystron vepeller, is changed little and the xiystron frequency 


remains, in fact, fixed. - 


If the difference frequency is changed ina manner such that it 


“becomes ‘larger than the crossover frequency, then the circuit of 
the AFC converts to the ecarch mode. On the output of the discriminator, 


- and Supscduently, on the output of the video amplifier, will appear 


Hepatic pulses, which will not provide an additional charge to capacitor 


C2- 56. 


Consequently, the negative voltage on the erid of tube 12- 2lb will 


Se lowered, which, will Lead to an increase in the plate current of 


tube 12- 2lb. 


Moreover, the negative voltage on the cathode of the tube 


Le- 24 will be reduced so rapidly and each such @ value that the 


| blocking generator tube [£2-21a] opens. 


- 89 - . 
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The blocking generator [L2-2la] operates in a wait mode. p 99 
, The oscillations of this generator, from the cathode ee the tube 
IC ‘12 21a ‘through capacitance oes 54 and resistor Re- “295 are applied to 
the ne grid of the video amplifier [tube L2-20b]. 

Since there is a “zero potential on the control grid ¢ of this’ tube, 
the positive pulses of the sasekine generator are clipped because of 
the grid currents of the tube, while the negative pulses, which were 
previously differentiated, are amplified. 

From resistor R2-65, which is the plate load of tube le- 20b, 
ee amplified pulses of positive polarity are fed to the grid 
detector [tube I2- 21b] . 

ie a result of the detection of these positive pulses, 

| capacitor C2-56 charges. 

Moreover, the negative grid bias of 12-21» increases, which 
leads to 8 drop in the current of this tube and an increase. in the 
negative voltage at the: cathode. 

This increase in negative voltage reaches a value such thet the 
blocking generator tube is cut off. 

After this, capacitor C2-57/ begins to ewer slowly until the 
blocking generator does not open again. 

This " search mode" wil be continued me the difference 
frequency remains equal to 30 megacycles. Now, the APCh (AFC) eireuit 
is automatically returned to a regulating mode, while the blocking p 100° 

i | generator at this moment is cut- off. | 

Ie oe ae R2-71 serves to establish the necessary value 
of eee voltage for the APCh search, with the aid of which 
the voltage on the edvhede of the blocking generator is regulated. 


| oer established in a manner such that its value corresponds 
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to the middle of the generating region of the klystron. 
A general view of the APCE.(ARC ). is. shown in figures -4O and 41 
The schematic diagram is shown in figure: h2. 
18, Structural Design of the Unit [Figure 431 | 
| The receiving-sransnitting unit és eteackueally on a welded chassis, 
which is rigidly fastetied by screws from the front panel. The chassis of 
the unit is housed in a cylindrical case on which a ring moves to fasten 
| the. poes te the front panel of the unit. The maximum diameter of the 
unit D = 20 millimeters s, the length L = 368 millimeters. 
To provide the unit with the necessary air tightness .from the 
internal side of the front panel, there is a circular groove containing 
a rubber lining. | | 
The flange of the case is fastened to this lining by the movable 
ring using screws with washers and springs. There are fins on the case 
-. to increase the cooling surface. | | 
| On the front panel of the unit are located: 
a) 17-pin sealed plug-type connector for connetion with the 
intermediate cable. | 
b) Sealed waveguide outlet eee momasetine the antenna-waveguide 
system to the receiving-transmitting unit, 
-V) Sealed high-frequericy plug-type connector which serves to [SPN 10: 
connect the PUFCh with the main UPCh. 
8) Sealed high-frequency erean cometor for geniins i 
i | outlet. 7 
as d)) Nipple for pumping ain, 
~ 91 « 
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Perpendicular to the front panel is fastened the chassis which 
fee ena of ‘complex configuration through which pass the projecting 
sections of the radio frequency head, the magnetron, and the envelope 
of the haan. | 
| Located on the. chassis from the top are: intermediate Sees 
— ‘preamplifier in the form of a ee subpanel, APCh (AFC) subpane],. 
recharge choke, pulse transformer, K-27 klystron, switch for primary 
winding of high-voltage transformer, shaping line. 
Located underneath the chassis are: radio frequency head, 
naene tae: high voltage transformer, filament transformers, fan motor. 
The magnetron generator is located so that the magnets with the 
: see intony System of the magnetron are located in the lower part 
of the anit and the leads of the magnetron Priancat and the cathode 
| are Located in the anpes part of the one. 
Y. Range-only Radar Receiver Unit | ae 
| 19. Function of Unit | | 
The range-only radar receiver unit is designed for: 
a) Amplifying intermediate frequency signals and converting 
them to video signals 
b) Search, lock-on, and range eee of the target in the 
operating range, and generating a voltage proportional to the 
range to the target for two operating modes. | 


v) Signalling the lock-on of the target 


In the absence of signals reflected from the target, the unit is 


in the search mode. The search range is set by the "RS-ss" switch 


- 92 « | . 4 
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located in the ae cabin, With the appearance of a signal reflected 
(>. from the target » the unit is switched to the tracking mode and generates 
a voltage which is proportioial to the distance to the target. With aod 
simultaneous appearance of several targets in the zone. Swept by the | 
' pange-only radar, the system for determining distance will - loék- -on- the om ae 
closest one of them, and a voltage will be established on the output | 
of vane unit proportional to the distance to it, 
20. BASIC TECHNICAL CHARACTERISTICS OF THE UNIT. 
- a) Search limits 
~ an man mode -- 200-3,200 meters 
oe : in “BM mode -- 800-7 ,500 meters 7 [SPW 108] 
b) “Dependence of range voltage on distance to target: | | a 


| 
in "as mode =~ Ud [v] = 195 - Dim] 


7 20 
in "B" mode -- Ud tv] © 195 i bin] 


| °) Mascimum statistical error of introducing range voltage: 
in "A" mode == no more than = ‘1s meters in a distance 
range of 400-2, 000 meters 
in "BY mode -= no more than™ t 100 meters in a distance 
range of 800-7 ,000 meter's | 
f vd Search eeegiensy We 1 cycle PF 0.2 cycle _ 
; a) Resolution a 200 meters _ 
--@) Storage time -- 2-3 seconds 
| O Be th) Triggering lag time of relay R23 a 141 25 seconds 
7 * z') ; Dimensions of unit os 300 x 159 - x 196 
| i) Weight of unit «= ).7 ieee 
= 98 - 
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21. Description of Unit Operation Besed On Functional Diagram (figure 48) 
&. ) Search Mode | | | 
See eee triggering pulse, taken off of the winding of the pulse 


transformer of the modulator [unit RBO~2ul , arrives in unit RB6-3, and 


oe diode ‘L3 is fed to the plate of the multivibrator for eatgecni Os 


a "fast saw" [13-13]. The multivibrator is triggered by this pulse 
and generates &@ positive square wave of at least 50 microseconds, 


triggering the "fast saw" generator. The "fast saw" generator 


(13-14) generates a negative saw-toothed pulse which is sent to the 
comparator circuit. The peedecnee of the saw~toothed pulses of the 


- "fast saw" has the repetition frequency | of 800 cycles, the a 


anengee from 195 to 35 volts. 
In addition to Saw-toothed pulses at the input of the comparison cir- [p 109] 
cuit, a voltage arrives which is generated by the search circuit. This volt- 


age also changes according to the saw-toothed law, but approximately 50,000 


times slower than the voltage of the "fast saw" [frequency of 1 cycle]. 


‘This voltage is sometimes called "slow saw", and the circuit generating 


this voltage, the "slow saw" generator. The "slow saw" voltage varies in 


the range from 135 to 20 volts. 


As a result of comparing the "Past saw" and "slow saw" voltages, a 
negative pulse is generated on the plate of the comparator diode [13-15], 


the onset of which, as the “slow saw" voltage decays, lags more and more 


behind. the triggering pulse of the transmitter. This pulse is amplified 


by L3-22a, differentiated, and again amplified by L3-16a. The pulse on 


the plate of L3-léa triggers the renge pulse blocking generator L3-16b. 


~ 99 = 
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| The blocking ee gerne: a pulse with 0.7-microsecond 
duration and an amplitude of 100 volts called oe pulse. 

This, pulse is fed to the time discriminator circuit on the screen | 
grid of the coincidence tube [L3-18] and through a 0.4 microsecond 
delay ‘line to the screen grid of L3-18. The pulse taken from the delay | 

= Line is sometimes called the " seeonde range pulse. 

As is clear from figure 7, in the search mode, as the "slow saw" 
‘voltage diminishes, the range pulses are shifted in the direction | p 110 
of an increase in the range. Therefore, with the operation of the 
"slow saw" senevdton: they pass periodically, once a second, through 
the entire distance range. 

From eae: tate of the receiving channel [L3-7], the noise voltage 
arrives at the output of the rer for automatic gain control of agtee: 

~The circuit maintains a constant receiver noise level with a varia- 
tion in external factors ( power supply voltages, tube aging, etc.]. 

To eliminate the influence on the operation of the AGC noise circuit of 
reflected signals, the circuit is modulated by a negative pulse of about 
29 microsecond duration, applied. on the suppressor grid of L3-9. 
‘The windings of noraee R3-1, R3- 2, and PASS 3 in the seas mode - 
are de-energized, the relays are in the released state. 
bd). Tracking Mode | 
The pulses peat regen the target, preamplified in the 
receiving-transmitting unit, arrive eon input of the intermediate 
frequency amplifier [L3-1--L3-5]. Amplified in the UPCh (IF amp.) and 
detected by. the second detector [L3-6a], the target signal Bt iee at 


the input of the video amplifier [L3-7a]. After amplification Uhrough 


- the sated follower L3-7b, the target pulse is fed to the input of 





“4 _ the time discriminator [E3-18, L3- -17 1]. opm 2 100 ws ~ 50X1-HUM 
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‘ No coincidence circuit and the recharging diodes with the 
sapacieancs integrator fsometimes called the diffference detector] 
make up phe time discriminator. In the search process, the range _ potil 
pulses, passing through the entire range band, at a certain time 
coincide with the taeet pulse. Negative pulses appear on the 
plates of the coincidence tubes, feeding into recharging diodes ana 
| eis automatic lock-on circuit. Relay R3-1, which is the primary | 
actuator of the automatic lock-on circuit, operates and engages 
pelave R3-2 and R3-3. 
| AL-Cer operation of all ee the unit converts from the search 

| oe to the tracking mode. One of the relay contacts feeds a signal 
of -27 volts to the sight and the "lock-on" signal lamp in the 
sight Eseiea, | 
| Starting from this instant of time, the position of the range 
‘pulses 1s not controlled by the "slow saw" voltage, but by the 
voltage produced by the control unit circuit and depending on the 
magnitude a sign of the error arriving at the input of the duplex 
 4ntegrator from the time discriminator circuit. | 

Relays R3-2 anil R3-3 switch over the elements of the "slow saw" 

‘generator circuit [L3- 23], and the latter becomes the second 


7 integrator of the control unit. 


= 10n‘e<. 
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The voltage on the plate of the first integrator [L3- 261, 
which until lock-on is determined by the "wait™ voltaze taken off 
of the erid of L3- 26 from the divider R3-36 and R3-133, after 
relay: operates Will be determined by the magnitude and sign of 
the error current. eee output of the time discriminator. 
"Upon. lock-on on the target, the target pulse usually ‘s page 
coincides with the second range pulse at first. Now, the time 
discriminator circuit. produces che negative error current [in the 


direction from the first integrator and to the time discriminator]. 


- 102 - 


iE aa = eee 50X1-HUM 
Declassified in Part - Saniized Copy Approved for Release 2013/01/25 : CIA- -RDP80T00246A030700180001- 1 















'« 


white oth 





ee RET SS 


- omer 7 wd 
2 . z . 
. noe 
s 


» 


wr 











; 


a 


-?t 
* 


%/ oS 


he a we hE ae 









pcornettnent ee 
agtonad ese Lae oceans: eatin Tach 


a “i347 23 






bs rity ow. 


QIINOS 





P3-t3 
ms 


rn 


te or 
i 
i 
' 
' 
e } 
Use st 
at i 
“ a { 
et voy Pearon 
¥ te ‘ be Ze 4 ie 
: es ¢ iM fc ; 7 * i 
“et : vw 
ae ‘ aed 
- a. i . 
heat oe t > se ey 
Page RL. 
- 5 i. ' - 
ar po ac . 3 a ~ 
; ; 4 Pree, 2 } ni 
ow . f 7 : 4 * 
ia \ * a) f i ‘ ie 
> A} Lan uae ¢ 
a, pe oes . 
: ‘ » UR 
pc j fF a i 
ae - és. - 
ie sot 
- Lee . x 
gna Re a 
* 7 . : 
, oe he 
ee ne oe PL < 
ee = w, wore, 
f 
= - a “~ 


an 


ear me em te” 





eee poSeks Sears ake een 4 ey int i ae re : 


aloes ees reat 


| “Ao 


aa nerd COPIER INI OD 


t 
ow 
a? 
a i 
~ x“ 
ad 
” 


©. Lg 2 


Boek 


wey emer tthe perm 6 





| Diagr 







anh Kpasiver ves 


am 


TD Sa Se on fF 


a: 
yh oe oe E98) 
1 re ik 2§- 43 
ho Os ws lor 





| UN AECY 


pe trea pee 





of Receiving-Range Finder Unit. og 


ary ak 08 me eet ee ee ge 


‘™m 


ad Mitty 


aan 
art 
Oe BF 


siinaace ' Déclassified i in ‘Bart - " Sanitized d Copy Approved for Release 3013/01/25: CIA RDP80T00246A030700180001- 4 


LG CULYMEOEN6 | 
23-7 




















Laon oe Ue, ep Pynuces VLOMOREMID See 


+ Mate. 


Declassified in Part - Sanitived Cony. Rooroved for Réledse 2013/01/25 : CIA- RDP80T00246A030700180001- -1— 












ce ORrer pee 


5NX1-HI IM. 4 









APY 
400 Wy Mats he eo et % 
SG MS-WE} per ee 





ABLOMCHMOU 
DISA Y TSS 

W397 233 
13-27 3°28 


[7encoamop | 
OUMAYNECO 









step 





SENET Pe, 


fy POM Qt 
s0K6o/. i? 
T3904 8 
73 “E> Nes sed 





‘ * 
were he 
- ‘ ae 
i ae 
oe an + Le ane ’ 


a 


ewe GA 
a J on Barr 





_ SE, OT IT ITO . 














PEE -F 
(PUEHEgaNbMONE HEED Snow. OF, 


f a x uo 
a pene 
f 
f iret . 5. ec ’ = i 
ce? 2 # ; 
GSE Bron D 5 : ; hae 









ata 


ve 


Seba on 


ed 

















= Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030700180001-1 “s+ 





“ek 


SS 84 ypOXt-HUM 





Cathode 
>| Follower 


II a Video | 
Detector |——---»| Amplifie 
L3-6a L3-7a 





Target 
signal 












Lennhetemhtte eemammmedternn cotta eee . . 
ee se A ae tee me cna lpnmapti leer ahaa 





ene! Fae enka es mn 


Cathode - | Pulsed se Noise ARU 


(pias to ———) Follower +} ARU vie L3~9 Kn 
| ARU | 3-112, | L3—1lb 
t. ° L nm 6] oe i - : 


, : Narre nceterenret ase eines scans seman nanos 




















Comparison) — / Ravige | 
Circuit ( .! Pulse Discrini 
L3-15a & b ; " Generator ei ude Nas ty L3-17 
L3-16a L3~22a | L3e16b | 4 L037 13.18 13-2 
ae iat a 


rie meee ee 2 nee cme 


From triggering > Multi~- 
diode | vibrator | 


| L3~13 


nt Rt i ee ae 


“Tine 7) 








eee ee 





Control Und ee eee 

L3-22b L3nc6 

L3-23 | 
22. 
RON ss 





L3e19a & bpm 


—sty » Locking 
b =o signal 


& / _ 8 2) 
7 fo RS6-5 R33 
Key for Figure 8 


Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030700180001-1 




































ce 
90X1-HUM 










ot Te 


00X1 -HUM' 








Be ee Foes gout: < 
ye 
- . . enantiaSaohli ap acre yas 2. ? iirehenatt eo Le 
. ee co -ecene as = 
aot Cain ne tee en See ee 
<a oO a a ae . a” ig —— 
1 ; “ i ’ s _ -. ow - < *s 3 wee é. . . 
ay ge eee cota * ae < wie ’ - , eee, ‘ ’ : j 
a es tee s 7 . ates 2% 
~ ¢ ~ oe MOF 2 < +” oe a . . ,. « *%& a 
Tg. -f nt ay ots eo Pea . : ss 5 Se om 
"eh te . Tae! 8. x": a” de fate, A Lae a .* we ooNS 
ee torre tte gee . tye, 7 ata Sie 4 af : . “} . 4 
-. ft ry =nig’ Ss ates = 
was aoe Se aoe S . ts ~ * ’ ee 
« :. 8 ~ B ; ny ; 5 ete or 5 
: . ee so ft we ee’ t oe. OM gerap 
oh cal y oor fe Us oe a eG 
7 ~ . x 
a . ‘ ., _ ae . 5 eo see Mae 
oo . - > . - ; 
. ’ 4 . ° 
“3-186 = ee se See 
1 aa a> s be : 
S60 Rom R3- .o? : . Diy fee Rees 
tem ‘. 






























ste te ea” Awe : ad a te sig aha eke 
. me, é 
; . att avs ff ‘ a 
be es gpa oD ody, oY: 2 JEDU. oe | panppecenue deynernidl MOE Oreo 
. 7 t « a 
eee ene ee £ #8 + mee oles ast 7 ~ 
o ‘ ri r 4 nae 
“ES.” Cieewdt and Voltage Nag rang of tho Hult vivd v} 
ce eee Tee asain ee oS en gE SPE “ALRITE ST 
; Soh vs: ees OSs “24% e he oe eR wee, os ee 
Oe gg a os oe Je”. Y St wha eee Pee ow Mee Bee meee ak eee ; 
i ee ee DL Na ahah pita wig eA epi s oe Ra kn Se gh ge 
ee : oc}. ~.* ¢ rs . 47 Teme 3 : a ose Ss ar! . * ; < ae ont 
3 af Ser . { : ~~ ? : 74 "a . ae ete eS 
s A i - Js . aN ; we ot 4s eh ko po ESR fF He re . mihi ae 7 — é PY . 
¥ “eee OO we 5 ‘ ° . r ao on a s ' ‘es o- ie 
. se os * 


Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : “CIA- RDP80T00246A030700180001- 1. 


PE ee ee apr f 8 


_Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030700180001-1 


5 
“ 
2 
- 

a 

% 
7g 
t ‘ 
2 ‘ 

' 

~ Gomis 
Sa 
® 

‘a 
' 
* 
' 
is 

_ 

3 





SECRET 
50X1-HUM 





Tube L3-26 in this case cuts off and the voltage on its plate 


increases, which results in the opening of relay L3-23 and, sub- 


/ . a fy 
sequently, the reduction in plate voltage. This voltage . é 


controls - ip. eS ‘the range pulses ee ough the cathode follower L3-22b. 


ye The reduction in ‘this voltage Sema : about’ the shift of 
: range pulses toward a large’ range , that is, the range vulses co~ 


incide with the target. During the movement of the target, for 


example , on the approach’ » greater... agreement takes place between 
the target and the first range pulse. Moreover, the sign of the 
error current becomes positive, tube L3-26 opens, and tube L3-23 


cuts off. The voltage on the plate of L3-23 rises, which causes 


the range pulses to move toward the same side and at the sane. rate 


7 as the target pulse. 


Range tracking is effected in this manner. The properties 


of the control unit cireuit with two integrators make is possible 
a to track & target moving at constant velocity without dynamic 
error, while the voltage on the plate of the first integrator 


| (L3-26) is proportional to the velocity of the target. 


| The voltage controlling the movement of the range pulses and [SPN 113) 


taken; off of the cathodé follower. L3-22b, during tracking is 


‘proportional to the distance to the target. This voltage goes 
through the cathode follower L3-2la and is feds a, ) in mode "A" 


to the sight computer, b) 3 in mode’ "pM to comparator unit K-8. _ | 


Relay R3-3 trips within 1-1.5 seconds and the lag of the ~ 


servo mechanism of the range unit increases, as a result or which © 


fluctuations in the reflected pulse do not affect the range voltage. 


| | | = 106 « . 
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At the same time, relay R3~3 transmits a smoothing signal to unit RB6-5 





which increases the lag of the servomechanism of the velocity unit. 
To maintain a constant target signal level, there is a device for 


automatic pulse gain control in the range wit. The pulse arrives 


at the circuit input from the amplifier plate of the automatic lock-on 7 


[13-19a]. 


This pulse is amplified, detected, and as a negative bias is fed 


_ to the control grid of the UPCh tube through the cathod follower L3-10.- 


It is essential that the reflected signal be maintained at a 


constant Level. £0 Provide accuracy in geen the distance to the - 


The operation of the ARU noise circuit is identical in the search 


ae ai in the tracking mode. 


A detailed description of the operation of the elements in the 


| ARU circuit is given in the section titled "Receiver" , 


| 2c. “Deseription of the Operation of soe Based On Scienceic Diagram ; 
(Pigure 73) Oe (p 116] 


8) Trigger Multivibrator [Figure 49] 


For normal operation of the "Fast Sew" generator it is necessary that 


‘the pulse have an eee - at least 25 volts and a duration of 50 micro- 
seconds. This pulse is generated by the multivibrator, which is assembled 


on the Kaets of a, circuit with cathode eee to tube L3- 13 (6x30. 


In ene: initial state the mete half of the tube is open, since 


there is a zero. > potential on the control grid and the 


= 107 x 


one ~ 50X1-HUM 
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cathode, through R3-69, is connected with a-150-volt source. The 


current of the right half of the tube, flowing across the cathode 


resistance [R3-69], creates a voltage drop across the cathode 


closing the left half of the tube. The initial voltage from the 


divider R3-126 and R3-127 is applied on the grid of the left half 


of the tube. The magnitude of this voltage is chosen so that 


|. taking account of the bias ‘in the cathode the left half of the 


tube will be reliably closed in the initial state, and the milti= = 


vibrator will be triggered dependably wpon application of the 


a triggering Pe The multivibrator is triggered through the 


cut-off diode L3-12b, which is Beceseary for clipping off the posi~ 


tive portion of the triggering pulse. 


With the presente of a positive blip in the triggering pulse, 


. the mitivibrator becomes critical with respect to the magnitude 
of the. triggering pulse and,consequently, undependable in opera- 


tion. 


The triggering pulse is fea through the diode to the plate {SPN 117] 


of the left half of the tube and through the capacitor C3-k7 


to the control erid of the right half, thereby closing it. 


The current in the right half is diminished, lowering the 


voltage drop across ‘the cathode resistance of the multivibrator, 


and the voltage on the iat lode R3-68 is increased. 


‘The lowering of the cathode ae ee opens the left halt ct 


“the tube and results in a voltage drop on its plate. The voltage 


is. transmitted Cascugh C3-h:7 to the grid of the right half, 


“tecititating its blanking still more. As a eestor ———- 


onrnmm = TAR 


SOX -HUM 
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described, the miltivibrator is opened "reversed", the left half 
eens Lape ae opened, and the right half is closed. 
ohne C3-47, oe in the initial state was charged to 
nearly the full voltage of the power supply, begins ‘to discharge 
through the left half of the tube which is open. The capacitor 
\ . Qischarges through the Following circuits: ‘ntaenel resistance 
of the left half of L3-13, 3-69, cGhecasa resistance of power — 
supply, R3-70. In flowing aor Quen R3-70, the asechaxne current 
' creates a voltage drop across R3-70, which maintains ; the right 
half of the tube in the blanked state. 
ee the capacitor discharges, the discharge current gradually 
| decreases, leading to a necuce ion in the voltage blanking the 
right half of the tube. At a certain dustarit of time this vol- 
tage becomes, in ead of absolute value , Less than the tube. (SPN 118] 
blanking voltage, and current appears in the right half of the | 
“tube. The appearance of current leads to the reduction in voltage 
on the plate of the right half of the tube, and consequently 
Ce the blanking of the left half. in turn, the blanking of the 
Left halt of the tube facilitates more effective opening of the 
| right half, as a result of which the multivibrator creverses 
to the initial state in which it was found before the arrival 
Of the triggering pulse. the time constant of the discharge 


Res | circuit C3-47 was chosen so that the blanking time of the right 





half of the tube is 60 micro seconds. 
As a result of this, a positive square pulse is separated 


on the plate load of the right half of the tube with the indicated 
- 109 ~ 
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length and an amplitude of 20-30 volts. 
This pulse is fed to the circuit of the "Quick Sav" generator. 
To monitor the normal operation of the multivibrator, the cathode 
of 13-13 leads out to a control point designated as “LT "ana 
_ docated on the a panel of the unit. 
») Rast Sawtooth Generator. [Ftsure. 50] 
| Used as the "Pash Saw’ generator in the unit is a lLinearly- 
dropping voltage generator with plate-grid capacitance. The Pease, 
saw" generator is made up of a tube L3-14 [6Zh2P] and has two 
operating modes. | 
-In the first mode, mode "A", the generator produces a negative 
‘pulse with a linear leading edge of 25-microsecond length; and in 
“mode “B", of 60-microsecond. length [figure 51]. 
The change in pulse on is effected by connecting additional — 119 
- resistors to the circuit of the control grid of tube L3-14, which 
are located in unit K-6, R6-17, R6-18, R6-19. 
In mode A, they are shorted-out ee [contacts i-9]. 
In the initial state, the tube is blanked through the plate 
cirouit because of the application on eieeuporeseor eria of a 
| blanking voltage of 25 +0 -30 volts. The screen grid circuit of 
| the tube is open so that the total plate supply voltage {+200 volts] 
is applied to the control grid through R3-72 and R3-73. The 
| : potential of the control grid is equal to approximately +1 volt. 
‘Capacitor C3-49 is paneed to nearly the total was 
fixed by the slider of the "zero range” noventvoneter so that 


the voltage: drop across the grid-cathode section can be disregarded | 


é. 








| 50X1-HUM 
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With | the transmission to the protective grid of a positive 


sulige from the triggering aero ibeatex: eee tube is opened 


: through the plate circuit and. capacitor C3-L.9 starts to one 


; in the following manner . 


a) Tass as internal resistance of L3-1L, internal 
resistance of power supply, R3-78 e719 » and R6-11. 


b). In mode "B", internal resistance of L3-1, internal 


“resistance of power supply, R3~72, R3-73, R6-11, R6-17, R6-18, 


and R6-19. In the first instant the voltage on the plate of (SPN 120] 


| 13-14 starts to drop sharply. This reduction in voltage is trans- 


mitted through C3-49 to the control grid of the tube » increasing 


its internal resistance and lowering, consequently the discharge 
current of the capacitor. Since in the initial stage the voltage 


| on the control grid is equal to. approximately to +1 volts and the 


tube is completely closed at -6 volts, the initial ae vole= 


tage jump on the plate and on the ‘eee of L3-14 is approximately 


hes volts. 


After the initial jump the iinpale discharge of capacitor 


C3-49 begins. The discharge current flows through the discharge " 


. resistors inageated aba and creates a voltage drop across then, 

_ controlling the internal resistance of the tube. It is permissable 
in the process of discharge that the discharge current start to 
diminish. Tt is evident, moreover, that the voltage drop across | 
the aiadene resistors diminishes and the tube L3-14 opens. 


‘The opening of the tube lowers the resistance in the discharge - 


_ 111 
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4 * i steeaite and consequently. increases the discharge current, returning it 

4 — to the initial value. — An increase in discharge currents cause blank- 

a oe ing of the tube which also results in the establishment of the 

: initial current value. Because of the presence of such control over 

7 the internal eebistence:ce hes tube, the discharge process, while the 

4 discharge of the pepacieon at constant rate results, as is known, in 

: a linear reduetion in voltage on its plates. 

: | Actually, the voltage on the cépacitor plates during discharge can [p 123] 
3 P | be expressed by the relationship , Ue bee és, i L(E)eLE 7 2) 
4 - Sine to obtain a proportional relationship between the range | 7 | 
7 voltage and the distance to the target it is essential to have a 

4 . Manear reduction in voltage, it is evident that the second term of 


i, te ie | the right side of the equality must be a linear function of time 
4 = thet is: t 2s L(t) dt = Ke | 
Bo i» | ee this equation, we obtein: U (é) = constant, thet it is the 
necessary linear drop in voltage will be obtained during the discharge 
7 of the capacitor at constant saiteue: During the discharge of 03-49 
| the voltage on the plate of the tube is reduced approximately to 
20-25 volts, af that with an additional reduction in plate voltage 
| ~ the tube ceases eo: control the discharge current. The length of the 
saw-toothed pulse on the plate of 3-14 for the values of the circuit 
element used ‘by us is 25 microseconds in mode "A" and 60 microseconds 


in a made "pM . 


eat 
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Upon ‘Coniiaatien of the positive pulse on the protective grid, 
the tube again closes through the plate circuit. Capacitor C3-49 
discharges through R3-74 and the grid-cathode section of 13-1, and the 
enbies circutt returns to the initial state. The initiel voltage on the 
plate of L3-14 is regulated with the Meeeceueet potentiometer R6-15 oe 
located in oe unit K-6. The steepness of the saw-toothed pulse is Lp 12! 
gonien ay changing the time constant of the discharge circuit C3-49. - 
| Added to resistors R3-72 and R3-73 are the following: 
7 a) In mode "A", a variable resistor R6-11 ["scale of range A"] 
5) In mode "B", resistors R6-18 and R6-19, and potentiometer 
~R6-17 [scale of range "B'], which are housed for convenience of 
| reguletion in unit K-6 also. | 
| ee - voltage on the plate « can be expressed by the relationship: 
/ U, *E, . eS = where E, is the pee taee on the plate of L3-14 before 
‘arrival -of the triggering pulse; E. is the voltage supplied across the 
resistor in the control grid circuit ‘4 200 volts], v is time, R is the 
i sischaree pensstauce: C is C3-49, it is eae that regulation of the 
” Zero range’ es effected by a change in Eg, does not have any effect on 
the eteapieae. 6s the pulses, which is regulated by the change in the 
_ value of the discharge vouactee [ “range scale"), and in turn does not 
effect the “zero range’. 
Thus is provided Giereniet regulation of "vero" and "scale" [p 125] 
which is extremely convenient for operation [figure 51). 
| Resistor 3-76 in the screen grid circuit is designed to 
' limit the current on the second screen grid during periods of 
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inactivity, that is when the tube is blanked barouen the plate 
| circuit. . 
~ evident from formila (2), the, elements which determine 

the steepness of the ' ‘saw in mode nae are C3-h9 , 23-72, 

| 83-73, and R6-11, and in mode "B", R3-72, R3-73, R6-17, R5-18, 

6-19, ; and R6-11. To maintain @ constant steepness with eves 
inthe surrounding temperature these elements are thermally ccom- 
ssadiat R3-7 3 and R3-72 are made from eee which has a 

_ Low positive temperature coefficient, while for 63-9 type . 

7 KTK- 3"M" with a small Rese teve temperature coefficient was selected. 
As a result, the quantity RC, which has an affect on the steep- | 
ness , remains constant with a change in temperature » which is 

a essential for providing a minimal number of errors in mode "A". 

_ _ Diode L3-25b is designed to reduce the Length of the flyback 
of the “saw and to reduce the influence of Leakage which is. 

| harmful under conditions of interaction of huaidity on the 
accuracy of computing the range. Because of the Aiode » the 
steepness of the flyback "saw voltage, as can be seen in 

figure 52, increases ~ due to the increase in voltage La, which 

_ leads to a reduction in flyback time. 
| The effect of leakage can be represented by an equivalent [SPN 126] 

| resistor Ry connected between the plate of L3-1h ana the frame. 


In the absence of a , diode » the leakage results ina change - in 





oe 7 voltage on the plate by a quantity: se where Ra is the plate 


a | Loaa. of L3- “Lh, Ry is the equivalent leakage resistance. 


This may cause an inadmissable error with respect to range. 


eRe 
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_ The presence of a diode results in a reduction of this. error to a 


value which ,can be disregarded even for substantial leakage. _ 
v) The Slow Sawtooth Generator [Figure 53] 


The. "Stow: saw" generator [search circuit] is designed to 


"generete, in the ‘target search mode a Slowly decaying saw-toothed vortage 
with a frequency of about 4 cps. The function of the “slow saw” 


| generator is performed ‘by the tube 13-23 [6N2P] and 13-22b [6usel, 


which in the search mode act asa trensitron generator of relaxation 


2 oscillations [in the tracking mode these tubes function as the second - 


integrator]. 


For convenience of examination, we assume initially that the - 


blanked state of the tube L3-23 in the plate circuit. Moreover, 
‘there is a vaieaes on the plate which is determined by the divider 
| R3e12k, RB-125. Since the control grid is connected to ground a 
ee R3-104, the tube opens and the plate voltage begins to oe ‘Lp 128] 
secresee: This reduction in voltage is transmitted to the control | 


grid through the cathode follower L3-22b and capacitors C3-59, 


C3-71 and, by increasing the negative bias, it prevents a rapid drop 


in voltage on the plate. The process occurring in the circuit is 


- quite similar to the operation of the "fast saw" circuit, only 


in this case the discharge of the eraeoaone [C3-59, C3-71] occurs 


‘through the equivalent resistance of the output of the cathode 


| foiiowex circuit. 


Thus, in the process of discharge of C3-59, C3-7l a small 


| negative voltage is maintained on the control grid. When the plate 


voltage reaches a value of 20-25 volts, as in the "fast 


- 118 - . 
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saw circuit, the tube L3-23 ceases to control the discharge and 
the drop in voltage on the plate is retarded. Consequently, the 
negatiye bias on the control grid of L3-23 is reduced. The re- 
duction in voltage on the control grid causes an increase in the 
| current on the screen grid. The screen grid current, Plowing . 
_ through resistor R3-107, increases the eoltawe drop across this 
resistor and one screen grid potential arops. 
; The reduction in potential is transmitted through C3~73 to 


the suppressor “grid of 3-23 and reduces the plate current of the 


LL 


tube. The reduction in plate current causes a rise in potential 
Ps on the plate » and because of the — coupling through L3-22b , 
C3-59, C3-71, an increase in potential on the control grid. 


This causes an additional increase in screen grid current and 


: _ the complete blanking of the tube through the suppressor grid. 
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The plate voltage rises rapidly and the process begins again. eueneee. 
tion of capacitors 3-59 and C3-71 directly between the plate and 
grid of L3-23 and through the cathode Pol ower msde it possible to 
“sSieverstne charging time Significantly. If in the “quick saw" circuit 
this time is considerably greater than the discharge time, then 
in the given case the situation is reversed. The capacitors are | 
charged through the small internal eedaeesnce of L3-2eb and the plate : 
ere of 13-29 increases, in practice, gradually. 
| This is essential to provide quick fly-back of range pulses after 
which, in the search process, they achieve a mescimim range. The 
quick fly-back guarantees locking on the target only with the 
/ movement of the range pulses in the direction of lengthening, that 
is locking on a close target. The presence of the divider in the - 
plate circuit of 13-23 is specified by the necessity for limiting the | 
start of the search for the setminary locking on a main leakage pulse. 
The filter C3-74, R3-106 facilitates stabler operetion of the “slow 
eon“ Gepetaegne | 
The relaxation frequency is determined by the values of C3-59, C3-71, 
and R3-10! and is equal to one cycle. This corresponds to a search rate. 
of approximately 10,000 kilometers per hour. 
g) Comparator Circuit [Figure 54] | 
f : The comparator circuit dtermines the instant of equality of the val- 
nes of the "fast saw".and "slow saw" voltages, and as a result, provides 


~ for the delay-~triggering of the range pulse generator. The delay time is 


ie OM, oe 


| —_ crore | | 
i: i | 50X1-HUM 
Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030700180001-1 





WYN TTP EWIVI 


_Declassified in Part - Sanitized ee Approved for Release 2013/01/25 : CIA-RDP80T00246A030700180001-1 





determined with respect to the main pulse. The circuit consists of at IR 
a comparator diode, a compensation diode, and a two-storage pulse | 
ae Used as the comparator diode is the left half of 13-15 
His DO 4 
The "fast saw" voltage is applied to the cathode while the "slow 
- saw" voltage [in the search nodel] or the range voltage [in oe 
tracking mode] is applied to the ieee through the R3-77+ 
Since eae voltage on the cavhode i: sreater then on the plate, 
the aoe closes and: VNnere. 76 26 signal at the output. However, as 
soon as the "fast saw" voltage becomes less than the "slow saw" Goria 
taken “pou the output of the duplex tute egrator, une diode opens and a 
negative pulse appears on its plate. 
The start of this pulse e, which is oe rmined by the equality of 
the "saws", ‘shifts in the direction of a larger delay with respect to 
the main putes: as the "fast saw" voltage reduces. From the plate of 
oo comparator diode, the pulse is fed through C3-51 to the grid of 
L3-22a, the pulse amplifier. A positive pulse With an ampigtiias of 
more than 100 volts is. generated on the plate of L3-22a (SN3P]. 
Because of amplification, the steepness of the leading edge of this 
pulse LS considerably’ greater than on the Beads and the pulse is 
7 almost SanER es From the | plate of L3-22a, the pulse goes to the 
contr rol erid of the second | pulse amplifier L3- 16a [6N3P], through 
the different tiating circuit og 53 and R3-79, which is essent ial for - 


| reducing the length. The second oe increases the Gieeeee: of the 


leading eage of of. the pulse even more. This pulse, taken from the oO 234 
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plate of L3-16a, goes to the control grid of L3-16b through a p 133 


pulse transformer Tr3-7 and triggers the range pulse blocking generator. 


Because pf the large steepness of the leading edge of the triggering 


|. pulse, the instant of triggering of the blocking generator does not 


depend neavaly on the fluctuation of the feeding voltages, changes 


in tube characteristics, ete. This facilitates a reduction in errors 


nese determining the range. 


Since the instant of opening of the comparator diode determinss 


7m 


the range-pulse delay, for precise operation of the entire unit, it. 
& £ 3 d 


is essential that it, as far as possible, also will not depend on 


characteristic of the diode is shown in Fig 55. It is known that 
under the influence of changes in the filament voltage and the diode 


aging, this characteristic "drifts", that is, it is shifted [for 


example, to the position shown in the figure by the dotted line]. 


Moreover, as can be seen from the construction, an error occurs in 


t 


the instant of comparison A vs This error enters directly into> 


the over-all error of measuring the range. To reduce the influence 


“of external Sactoea on the instant of comparison a seapensatind 

adadiowts employed. For small negative voltages between the plate 
‘and the cathode 3, current appears between them. Therefore, even _ 
with the sciperntcp Gaus closed, Liens Will be a voltage arop across 


_ resistor R3-77 determined by the current of the compensating diode. 


This voltage is directed toward the 


- 125 - 


apiece | 50X1-HUM 
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tie ent saw" and the instant of opening of the comparator diode p 135-6 
occurs somewhat later [t', rather than t,]. Now for the shift 
in the oo characteristic, the instant of comparison shifts 
S 28 a point % 2 and the difference in time betweer vt, and t ie designated 
A ty, is considerably less than A is Thus, th: use of the 
‘compensating diode stabilizes thse instant of comparisoz. In view of 
"the large gain of the comparator circuit, even small influence of the 
“triggering pulse can recs in the triggering of the blocking generator 
| a the point of ‘zero range. In order to avoid this, a small negative 
pulse is applied through C3-77 to the gria of L3-léa blanking the tube 
at the initial instant of time. This pulse is obtained via the 
‘aifferentiating etreuit (3-77, R3-79 of the triggering pulse 
a) Range pulse generator [Fig 56] 
The range pulse generator is an ordinary blocking generavor 
| ‘composed of the right half of L3- 16 (6N3P]. 
- ‘In the initial state, the tube is blanked by a voltage of -14 volts ° 
. taken from the common divider of the unit and fed through R3-81 to 


“the control grid. At. the instant of arrival of the triggering pulse, 





he tube opens and a current appears in the plate circuit. The 
appearance of the scene Gesdies in a lowering of voltage on the 
plate of the tube. The windings of the pulse transformer are 
connected so that a reduction in A potential on the plate results — 


in an increase in ‘potential On the control grid. The existence 


of such a circuit with positive feedback means that the plate 


pe 


7 s | : eo ae 50X1-HUM__ 
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current increases still more, the grid voltage rises Ar 
-ete., to an instant when the tube. current reaches Saturation. | This 
"process be" "reversing" the tube occurs very rapidly and is callled | 
__ the "blocking" process. The time for complete opening of the 'tube 
a is usually about 0.1 microsecond. As a result of the termination ee 
7 the direct blocking process the plate voltage @rops to almost zero due 
to the voltage arop sores the primary wi inding of the: pulse transformer, 
| while the grid voltage rises Sone ey and becomes positive because or 
the induced ent. 
From.the instant of time when the voltage on the grid becomes 
| positive, a screen grid current starts to flow and capacitor C3-55_— 
| begins to charge. | 
a the end sf tne divest blocking process, the operating point 
on the tube characteristics shifts to the region of shallow steepness, 
os that is, the change in venues: on the screen grid has sSiiose no effect 
"on the value of the plate. current. As C3-55 charges the souees on 
the ‘control grid of the tube begins to. diminish. However, since the 
operating eine is located on the right portion Of the characteristic, 
cs the plate current remains nearly Guehapeea for a certain time. “Tne 
flat portion of the pulse is formed during this time. With time, 
: the voltage on the control grid shifts the operating point of the 
characteristic to the’ region of great steepness. _ | a p 139 
The plate current is diminished more re effectively, which results in 


arise in oe plate poventsek and, cons equently, a reduction of voltage 


S18 t se 
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on the control grid. The latter reduces the plate current still more 
and the inverse blocking process takes place. 
| The tube is blanked and the voltage’ across-tapacitor C3-55 attains a 
large negative value. After completion of the blocking process, this 
capacitor discharges through R3-81 and the circuit returns to the initial 
state. | 
|” The positive range pulse with an amplitude on the order of 100 
| volts and a duration of 0.7 microsecond is taken from the winding of 
the pulse transformer, fed to the screen grid of the tube “L3-18 and 
through a 0.4 microsecond delay line to the screen grid of L317. 
Capacitor C3-52 and resistor R3-78, connected to the plate circuit 
of the blocking generator, make up the decoupling filter which reduces the 
influence of the generator on the remaining elements of the circuit of 
_ the unit through the power supply circuit. 
Se) Time discriminator. (Pig 57) 
| ‘The time discriminator circuit consists of 5 coincidence circuit, 
with 6Zh5P tubes [L3-27, L3-18], and a difference detector cireuit: 
- [recharging diode] with aie ile. capacitance: consisting of 6D 6A 


“tubes (13-27, 13-26]. a4 
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The function of the time discriminator is to fix the instant of PU,0 


coincidence of the target pulse with the range pulses and to ge erate 
og signal indicating the presence of a shift with respect to time | | 

“between ‘the pulses mentioned. The circuit generates this signal as a 

direct current, which is called the eEROE Cure ene: of varying neenyEUeS 


and sign depending upon the magnitude and direction of the mismatch 


between the range and target pulses. 


In the absence or eaneee pulses, the coincidence tubes E317 and 


a L3-18 are blanked through the plate eircuit by the presence on the 
‘control grids of a voltage of about -3 volts and on the sereen grids 


Bg con a VOLUABS:. of -23 volts. 


Besides, the range pulses arive on the sereen grids of the tube. 


| The pulse goes directly to the screen grid of L3-18, and through a 


O.4 microsecond delay line to the sereen grid of L3-17. These pulses 


shift periodically with time seeking out the target. If a pulse 


reflected from the target occurs on the control grids, then the pulses _ 


‘707 the sereen grids which are mOvaue with Seance to the range, coincide 


with them Sica, certain instant with resnect to time. The tubes open 


| and negative pulses eppces oe che plates. These pulses gO to the 


difference detector circuit [L3 27, 13-28], and depending upon the 


relationship of their amplitudes, they are converted to an error 


current for the given direction. Taken from the resistor R3-85 and R3-85, 


connected between the plates of L3-17 and 13-18, is a negative pulse 
which is fed through capacitor 03-57 to the control grid of the auto- 


matic lock-on amplifier, 


she FAG ak 
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Thus, the sign of the error current is changed depending on the - 


direction of displacement of the range pulses relative to the. 


target pulse. The dependence of the value of the error current — 


on displacement is represented in Fig. 61. 


The error current lies on the ordinate y — the displacement | 


of the ones pulses relative to the target in time, on the abcisaa. 


The Left branch of the characteristic corresponds ou a ‘lead of 


"range pulses over the target pulse. The right branch corresponds — 


to the delay of the range pulses. 


Zh). Control Unit - [Pq 
(Double integrator) | 


The purpose of the control unit (Fig. 62) is transformation 


of the error current, which flows from the output of the time 


diserini nator: to a voltage which controls the range puree delay. 


‘The circuit consists of two abepeatomeccbubes L3=26 (6Zh13), 


13-23 (62h2P), and L3-22b (6N3P). 


In ‘mode nA," the range voltage is applied through cathode 


follower L3-2le (6N3P) to a sight, and in mode ip," to K-8. 


- The oe diagran of the enode-grid integrator is shown in 


Pigs 63. 
Analysis of such a circuit shows that the dependence of 
the voltage at the anode on the current in the grid circuit 


can be. approximated in the form: 


‘gtt vapet odes. F892 
| : . 2 Fe : - 
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| | _ Resistors R3-82 and capacitor C3-56 form a decoupling network . P 12 
wnt protects the plates of the coincidence tubes from the influence _ 
| of power mabiore The coincidence tubes serve as the inbut of the 
automatic Vock-on amplifier, 
let us assume that after Lock-on the mutual position oc ‘che 
target pulse and the range pulses is as shown on fig, 58, 
| in this manner both coincidence tubes open, but because there» 
is greater coincidence of the target with the second range pulse, the 
pulse in the plate of L3-17 has a greater amplitude and duration than 
the pulse in the anode of 13-18, 
Spaniherases, let us agree to sears the amie of the double 
inte grating circuit as a certain equivalent capacitance C,;, In 
considering the operation of this element of the range unit, let us 
“satisfy ourselves as to the gccneeey oe such an assumption, 
toh Capacitors C2-58 and C3-62, which are tharged until coinci- 
(> dence 1 to a value approximately that of the voltage of the power 


.. source, begin to discharge, Capacitor C3=58 discharges through the 





- cireuit: the internal resistance of 13-17, C,, the internal resis- 
_ tance’ of L3-28, Up to coincidence, diode 13-28 


+22 - 
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_ was closed by a voltage of + 7v aeiea to the tube ere 
At coincidence » the diode opens, Since a negative pulse with 
an amplitude up to Sov is applied to the eathode and thus the 
03-58 discharge circuit is created. 
The _——- current of C3=-58 flows through a capacitance [ PLY] 
Ci; and it is seen by the direction of the current that the 
voltage at Ci must be decreased thereby, capacitance Ci discharves 
(the direction of the current is shown by the unbroken arvotr). 
> Z — Uh Capacitor C3-62 discharges along the circuit: internal 
‘resistance of L3«18, resistance of negative voltage divider, 
internal resistance of L327. Diode L3-27 also was closed 
: bya voltage of lv and is opened by the detuetiente pulse. 
: The discharge current of 03-62 does not flow through Si 
ri and evidently does not affect the potential at this point. 
_ During the time between pulses, capacitors C3-56 and C3-62 
are charged. The cake of capacitor 03-58 passes through 
- -R3-82, R383, R3-118, R3-129. The charging current of . C352 
passes through the integrator capacitance in the direction 
shown on the figure By the dotted line. 
it is evident that the potential at Cy will increase under 
the action of this current. | 
In the case we nave considered, the discharge of capacitor 


03-58 has a greater effect than the charge of 03-62 » Since there 


"= 13 - 
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| is greater coincidence with the second range pulse. Thus, 
voltage at the capacitor will ©. deeréacsl Poui pul. to pulse 


the total current will be directed from ti to a difre. ce 


~ detector. 


This current is also called the error current. This 


[P 148] 


.  @ireection of current is called negative. The appearconce of 
4 the current acts through the control ucsit (double integrator) 
on the range pulses, and they are displaced in the direction of 


_ .greater range. Thus, a mutual position of the range pulses 


and the target pulse as shown in Fige 58 and Fig. 59 is possible. 


In the given case, greater coincidence occurs in L3-18, 


cand the effect of capacitor C3-62 is increased. Discharging 
‘intensely at the moment of coincidence, capacitor C3+-62 is 
.. charged bya current the value of which now exceeds the discharge 


current of C3-58, and the direction of the recharge current of 


of the integrator capacitance is changed. | 

Now the current is directed froathe difference detector 
to the integrator capacitance, and the potential of the integrator 
capacitance increases. Let us call such a direction of the 
error current positive. | 

oie the axes of syzmetry of the range pulses coincide with 
the midline of the tarcet (Fig. 60), the effect of C3-58 and 


C3-62 is equalized, and the potential atC-£ remains unchanged o 


_It is evident that in this case the error current will be zero. | 


= 1Dh- 
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if we consider the circuit of the fast sawtooth generator which is 


ae 
1 
‘ ! 


a special type of integrator (Fig. 61), it is evident that the voltage 
/ | . | | 


RE st i haa tl iain wa a atin oli gcse amie taba Mi 


Ug is supplied to the input of differentiating circuit RC, at the output 
of which there is a voltage which drops at resistance R, i.e., Ug - Eg. 
For such a circuit the following relationship holds true: 


Uvyikh(out) = TT CRC 


- 


in our case: 3 | | | see eS 


Va(range) ~ “da = - 





™ 


qw, _. va-Ba . 
at RO 


ae 
uu 


Integrating both parts of this equation, we obtain: 
* ; 2 : . 
u 


0 


“1.@6, the equation of the integrator. 


in the case Eg = Const, and disregarding Ug, we have: 


as Ge -+f iat = Bat 
) C | RC 
oO ; 
where tos 0; Ug = Co, consequently, 
| Rat | 7 
Us = Uso > = / id. @., we obtain the 


| 7 RG, 
' equation for the fast. sawtooth generator. 


The integrator equation makes it possible to determine ali the 
properties of the circuit. 


For further. description, iet us recall that: | 

pt t pt _ : 

1. | O-dt = Const; 2. | a-dt = ats 3. | eteat = _at® LP 
oO | O re 
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It is seen from these general mathematical expressions that 
when the current in the grid iret equals 0, the wolteee at 
the tube anode does not change since both sides of Ske equation (3) 
are constants. In the presence of a coustant current in the 
grid circuit, tna voltage at the anode drops linearly where” ivis 
positive, or increases linearly wherei"is negative. 

It is easy to derive a physical explanation of the processes 
in the ee cireult, considering the charge and discharge | 
of the equivelent integbator capacitance Si (Fig. 65). 

ok positive current (in our case "error current") charges 
the integrator Parsee eences the voltage ecross it increases, 
and the tube opens. 

The appearance of an anode current leads to a decrease in 
anode voltage. A negative current discharges Ci, the potential 3 | 
at the control grid decreases, the tube is blocked, end the 
anode voltage increases. 

The validity of replacing the resistance of the integrator 

“input by the equivalent capacitance Oi ie evident from the following: 

If we coqeeaae the circuit in Fige 65, we see that: 

| r | | | 
Uo=Usa-Kez \s lL at _ | ([P 155] 
where: k is the amplification factor of the tube... | | 


| Consequently, the circuit depicted is equivalent to the 





integrator circuit wherein: 


Bases iit. ee 
| / C Cy 9 
3 Uhre 
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Egllowing the above~stated considerations, which pertain oe 
Sebesecesus in general, let us examine the operation of the 
actual. circuit of the double integrator used in the unit. 

The circuit consists of two areieuunia integrators connected 

. py stabilizing circuit RC. 

7 Let us assume that. in Locking on the target, the mutual 
position of the range pulses and the target pulse is thet 
‘aenaeeea in Fig. 58, Le Gey the range pulses lead the varget 
pulse.. | | 

' As was explained during examination of the operation of 
the time discriminator, a negative error current flows to the 
integrator input in this case. The presence of a negative current 
leads to blocking of tube 13-26 of the first integrator, and. the 
potential in its anode increases. ‘the voltage at divider 
R3-21, R3-LL5 increases correspondingly. 

The voltage from the onan point of these resistances 
Meas R3-116 end RO ~104 is applied to control grid 13-26, 

which is the second integrator. In this case the currcnt 
will be positive. 

The appearance of a positive current in ‘the grid circuit [P 156] 


of the second integrator leads to. opening ef L3-23 and to a 





ee decrease in ‘the voltage at Lts anode. The error current which 
| - flews to the input of the first integrator during a brief period 


can be considered constant. 


- U5 = 
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Then the voltage at the oe of the first integrator 
Will increase | linearly (since fe adt + at ). The current 


in the grid circuit of the re integrator, proportional to 


the voltage at the L3-26 anode, also will increase linearly. 


The voltage at the L3-23 anode will decrease at an ever increasing 


rate, since fat | a rt 


This voltage through cathcde follower L3-22b flows to the 
comparitor circuit (L3-15) and makes the range pulses shift 
'~ toward the receding side, also at an ever increasing rate. 


The range pulses shifting in this direction, go through the 


matching positions and begin to lag the target pulse in time. 


AS we see in Fig. 61, the error current changes its sign and | 
becomes positive. | 

This leads to opening of the first integrator and a voltage 
decrease at divider R3-11, R3-2115; and inasmuch as R3=115 is | 


connected to the point of the divider with a potential of -30 Vy 


the voltage at R3=116 acquires a negative value. 


The current in the second integrator circuit changes its £P 159] ~ 


sign, and the voltage at its anode begins to increase. 

The increase of this voltage leads to shifting of the 
range pulses in the direction of decreased range, is ee, 
again toward matching with the target pulse. 


After several such oscillations, the system reaches a 


@ih3 - 
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Bees of equilibrium in which the range pulses match the target — 
pulse. In the event that the target moves” at a constant 
rate, the voltage at the anode of the second integrator changes 

_ linearly. This will transpire, evidently, when there is a 

. constant current in the grid circuit of this integretor (fade ~ at 

and Signifies a constant voltage in the anode of the first integrator 

(Figs 63). | | 
Changes in the rate of movement of the target pulse must 

correspond to changes of current in he grid circuit of 13-23, 

and consequently, the voltage in the anode of the first | 
integrator. Thus, the voltage in the anode of the first 
integrator is proportional to the approach speed. This conclusion 
can be drawn ria thant teary. 7 


It is seen from the circuit that the volt Lage at tie Dias 


x sas ss UR 


where: ‘Ven is the voltage at the anode of L3-26 when i = 0. 


of L3-26 will be: 


i= the current in the circuit connecting the output 


| - Z ; of integrator I and the input of integrator ile . 
| ; | . R3-11h & R3~-115 : | 
73 = (R3e116  R3-10,) ~~ R3-5 EP 160] » 


Since expression (3) is correct for integrator It, and 


the voltage in its anode is porportional to the range to the | 


. wt | a poe , ard | aa 

ee ek EE 

At ©. 3 UW9-e 
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where: fe C3- 59 . C3=73 — 
consequently: : Ue - [ jo4 - : ds Qe: 
| = O GIG ce 
wheres i is the rate of oe in the range ites 4 


"proportional to the approach speed. 


With the parameters used in the circuit, the voltage at 
the anode of L3+26 upon ieckiee ca a stationary target is 
spromitew + 80v. Finiteness of the amplification factor 


of L3-23 leads to the fact that this voltage. neeenis in addition 


: on the range from the targeb, although to a negligible SXENL o 


: In tracking an apporaching target, this voltage has @ smaller 


values, At an approach speed of 300 n/sec, it reaches +60 v. 


But if the voltage at the anode of integrator I is constant e ALP 6] 


at a constant approach speed, this means that the error current 


in this case is zero, since 
| 7 cL €Cnst) 


2. 


The foregoing case demonstrates ‘that a control unit with 





two integrators provides for tracking a uniformly moving target 


without dynamic error, since the error current is zero only 


‘when there is precise coincidence of the range pulses and the 


target pulse. Besides,this 5 as a result of the zero error current, 
the circuit is capable of tracking fading signals. 

When the target fades ont the coincidence tubes close and 
no current floes. from the . output of the time discriminator 
to the input of the control unit. Thus the same voltage remains 


. 150 - | 
SECRET —50X1-HUM 
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at the anode of the first integrator as during tracking of the 


target. Since this voltage corresponds to the speed of the target — 


until it fades out, tracking will continue at the same speed in 


the absence of a target. Upon the appearance of the target > itis . 


_ again: visible in the zone of range pulses and normal operation is 


continued. Owing. to the presence of leak resistance between the 


grid and the cathode of L3-26, upon disappearance of the 


error current the voltage at the anode usually alters slowly in | 


- one direction or another, which leads to errore in tracking a 
fading target. To diminish these changes, the capacitance of a {p 162] 


- the first integrator is switched, and within 1 — 5 seconds’ 


™ 


after locking, becomes equal to ~ 40,000 pf. At the moment of 


locking, it is necessary to have a small time constant of the 


first integrator. Therefore, up to and at the moment of locking, 
the anode grid capacitor with a capacitance of 0.01 wf is 
turned one 


A time lag (~ 1 sec) is necessary for. readying capacitors 


 C3-75, C3-86. During this time, they succeed in discharging 


to the voltage which corresponds to the speed of the locked targete 
‘The high value of ite dapdethiene of the first integrator 
facilitates a decrease in the effect of target fluctuations 
on range voltage ae z result of smoothing introduced by its 
To decrease the effect of leakage on the operation of the _ 
cect, tubes L3-26, L3=27, and L3-28 are placed in a nereetiealiy 
| | -151 - _ 2 
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sealed area ; and are a separate, complete unit ("integrator I"). 


For more favorable conditions of noeeene? the voltage 


-at the anode of the first integrabor in the scanning mode is 


correspondingly set to the most probable target speed ("expected 


voltage"). This setting is made by applying a corresponding 
voltage to the anode of the first integrator from divider R3-36 
and R3=-133. . | 


To improve the pperation of the double integrator in the 


mode of a fading target, it is necessary to select at the screen 


grid of the tube of the first integrator such a voltage that 
when no target is asesent the voltage at the areas of the fleet 
integrator will be uaeiedias unchanged. The setting of the Lp 163] 
required voltage at the screen oad is done with the aid. of | Oo 
potentiometer R3-113, | 

. Capacitor C3=76 is intended to speed up precise matching of 
the range pulses with the farget. Together with R3-216 and R3-10h, 


this capacitor forms a so-called "stabilizing network", which 


prevents the occurrence of a self-oscillating system, i. e., 


"oscillation" of range pulses around the target. » 


7 | The range voltage is applied from the oubput of L3~22b to 


the erid of cathode follower L3=2la. 
Upon locking, a voltage proportional to the range to the 


target is applied from L3-2la to the external circuits. 
%) Automatic Locking Device (Fig. 67) 


en 152 = 
50X1-HUM 
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pulses, a negative pulse with an - amplitude of around 25v 


amplitude of which reaches 80 — ¢ L00v ‘ appears at the anode of 


 R3B+92, as well as through R3-9l; and R3-95, which are in 
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The circuit of the automatic locking device is intended for 


| switching the unit from the scanning mode to the locking mode. 


The circuit consists of amplifier 13-19, peek detector 3-19, 


and esr eonte relay L3-20b. 


Hlectromagnetic relay R3-L, type EMUG in the anode of 13-20, 


turns on relay R3-2, in the anode of L3-Ba, and relay R3-3, in , 


the anode of L3<8b.. The operating time of relay R3=2 and ‘hay 


R3-3 depends on the bias at the grids. of L3=8a and 13-8, which 


is controlled by "delay" potentiometer R3-60. 


‘The circuit of the contact. groups of the automatic locking — 


relay is shown in Fig. 68. 


In the seanning ees the entire relay is ina released state. 


Tube 13-20 is blocked by a negative voltage, applied to the EP 165) 


| control erid by the "Sensitivity" PORCH EAOR ee from unit 6 


through resistance R3-925 R39» 


Upon the appearance of a target pulse and coincident range 
passes to the grid of L3-1). A positive expanded pulse, the 


the tube. | This pulse is applied to the erid of L3-19a and 


charges capacitance C3-6h. This capacitor discharges through 


parallel: with it. All these resistances have a large valuek as 
a result of which the time constant of the discharge is 


incommensurably greater than the time constant of the charge. © 


1h 
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: This leads to the fact that in the interval between pulses, 


C3-6, does not succeed in discharging, and the voltage in it 


 -inereases. | 


The increase in voltage at the cathode of L3-1 92 decreases 


the bias at the control grid of L3=20b, the tube opens » and the | 
= relay triggers. ‘Triggering of R3-1 causes triggering of the 
eet of the relays in the unit: R32 and R33. In the event . 
that the target pulse fades out, ‘velay R3-1L ceneeees and 
| capacitors C3-67 (2 ae) and C3-83 (1 zf), located in the 


- grid circuit of L3-8a, begin to charge slowly, from a «150v 


source, through resistances R3-1h0° and R3-60. 
Therefore, when the target pulse fades out, the voltage | +. [P 167] 


at the grid of L3-8a decays ae. and the relay releases ohly 


| after approximately 11.5 sec. 


Herein is achieved the possibility of tracking a fading 
target "by memory" (memory based on speed). Upon triggering of . 


relay R3-3 121.5 secs after locking, capacitors C3-75 ang 


C3-86 with a total capacitance of Olt, the other end of which 


is connected to the anode of integrator I, are connected to the 
grid of the first integrator through C3-85. 


As a result of this, after connecting the “protection” relay, 


the anode=grid capacitance of integrator I increases to 0.0 sf. 


this makes the ranging system more persistent, i. Ge, insensitive to 
abrupt changes of speed. Besides this the presence of a large 
integrator capscEtanee ampexys to ee radar the property 


7 16 sooner . 
50X1-HUM 
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more precise bradvias of a fading Signal "by memory," which 
reduces considerably the effect of target fluctuation on the 
speed voltage. - 
A smoothing signal (#27 v) Ss applied to unit RE6-5 
| simultaneously with triggering of reley R33. Thus, relay 
RS5e2 operates, and the persistence of the speed~analysis circuit 
inane which reduces the effect of target fluctuation on 


the speed voltage. 


157 =<. 
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| -%) Constructive Design of the Unit =F LP ATL). 
Cy | (Figs. 69, 70, 71) 7 : 
a | ‘The, block is eenstructed on an open rectangular iaeeds. There is 
a depression for the IF amplifier line in the Big section of the chassis. 
Parts having the greatest heat resistance, like the tube and the transformer are 
arranged at the ‘top and the resistors and capacitors are in. the lower 
section ee the perforated panels. 
ane space between the perforated enc is ‘oceupied by the pulse trans~_ 
former, precision westous: and the relay. The last are easily removed ‘through 
the access to the tube panels. Arranged under the IF amplif fier are the o 
large COMDORCELS: oll-impregnated paper capacitors s, the delay line, and 
control potentiometers. These parts are in the form of demountable units 
and are easily removed fron the block during repairs. The housing has a 
- large number of openings to facilitate the cooling. 
The functional Circuit oL the first integrator is in the Pie shes 
separate air-tight highly moisture-resistant removable neat - 
Dimensions of the unit: 300 x 152 x 160 mn. 


- Weight of the unit: 4.7 ke 


LET): 
VI. RECEIVER | 
°23. Purpose and Make—un 

The receiver of the range-only radar "Kvant" is used to amplify 
the détection pulses reflected from targets and to convert them into. 
OQ. video pulses. | 

| The receiver is made up of the following components: 
es Resonant ATR tube « 
20 eee | 
, —_SErReen 50X11 -HUM 
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3. Klystron local oscillator. 
4. IF preamplifier. | 
5. Maan in IF amplifier. 

6. Second detector. 

7. Video amplifier. — 

8. aevode follower. 


9. Pulse and noise automatic gain control systems. 





2h. Description of the nperation of the receiver wi 
a. functional flow chart 
The functional chart of the receiver is given in Fig. 73. 
The pulses that are reflected from the target enter from the antenna 
tis Bs leecapeionct sana estan" chamber of the antenna switch, where a 


resonant discharge tube L2-12 (RR-21) is used in the capacity of a discharge 


tube. 


From the "reception-transmi ssion" chanber the energv of the reflected 


% signal enters the frequency-mizer meee where a crystal rectifier of the ata 1B 


type D-4O3-V (D2-2): is used as a quater. 
In the receiver mixer chamber the frequency of the “reflected signal 
is mixed with oscillations of the heterodyne (klystron of the K-27 (L2-9) type). 
After the mixing, a number of peeiencies are formed, from which | 
an intermediate frequency is separated on the Teascer the receiver mixer. 
The load of the receiver mixer is the input circuit of the IF pre- 
anor e ee (PUPCh). | : | 
| Having passed the stages of the IF eneanpl eter: which uses tubes of 
the 6Zh1B (L2-1, L2-2)type, the signal reflected from the target enters the 


, and 
main IF amplifier, which uses L3-1, L3~2, L3a5 (6Zh1P), L335 L34 (6Zh2P) tinea: 


1602 = | 
SECRET ~ 50X1-HUM 
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SH . 
Amplified by the IF amplifier and detected by the second detector L3—6 (6kn2P), 
CO _ the target signal, passing theceek the video amplifier LVae’7 SeNDEY and the cath~ 
ode follower, is fed to the time discriminator and the noise wobenetse - 
gain Sontivol circuit. 
' The pulse automatic ; gain control and noise automatic gain: control 2 
have a common outlet to _ stages of the main IF amplfier through. the: 
| eathoae follower L3~19a (6N3P). | - 
During the transmission ee ee of the energy of the main pulse 
enters through the attenuator into the IF amplifier mixer, where the - a 
oscillations of the idigstean heterodyne also enter. The difference frequency 
pulse, according to which the AFC generates the control voltage fed”. (ran 
to the klystron heterodyne, is Sepa putthe input cireuit of ice atiee. | 
matic epeaMeney control. - 
| ‘The control voltage is maintained such that the freqtiency of the 
klystron ere would be po eeee by an IF than the frequency of the 


magnetron. 


25, Pass of the intermediate fre: 





| The purpose of ae IF amplifier is to amplify the IF signals which 
_ were obtained as a result of the conversion of the -picked-up reflected steers 
Ao ‘the crystal mixer a a level which will ensure the operation of the II 
detector aan the linear portion of its response. The purpose of the II _ 
detector is to convert the IF pulses into video pulses aia further 
amplified by the video amplifier. 
oO oe iF amplifier is assembled with coupled ects and consists of - 
an IF eeeanpuietes and a main If amplifier. | 


Basic ta tical-technicel oa! 





and the Video amvlifier 


with tne II Beatie 


— 163 - 
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a. The transmission band of the IF is not less than 4A. 5 me. — 
b. The IF amplifier' s amplification factor, defined as the ratio of 


the signal voltage at the II detector input to the eae at. ‘ie IF amplifier 


epee and oe a noise level at the II detector of 6.7, is not tee than 100, 000. 


v. Sensitivity is not less than Luv. 


g. The: amplification irregularity of the transmission band is not 


sienitees than 15%. 


_d. The transmission factor of the video amplifier is 15. 


26. Descrivtion of the omeration of the IF nreamolifier b a 





Schemetic diagram 





reamplifier 





termediate frecuencv 





(Fig. 73) 

The IF preamplifier represents a two-stage amplifier enploying'tubes 
of the 6Zh1B (L2-1 and L2-2) type. At the point of entry to the IF preampli- | 
fier a two-circeuit filter is connected by. an L-type connection. 

| The L-type diagram of the IF preamplifier input Cane is chosen 7 
to gieaa the smallest noise factor and the greatest amplification indere ‘4 
wide transmission bend. 

| At the sein eins the L-type arrange ment of the sept circuit aga a, 
stable operation of the first tube of the IF Mame ee during the change 
in klystron power. 


The input circuit consists of the Tr2e1 autotransformer and the L2-1 [Pp 176] 


-. Inductance. In addition, the Tr2-1 also represents inductance because its 


windings have the same number of turns for a coupling coefficient equal tO 


one. Yonstructional realizetion of this inductance in the form of a transformer 
is pRQuene about by the necessity of separating the current circuits of the 


% 


crystal mixer sna the leakage current of ene first IF preamplifier tube. 
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The adopted L-type arrangement of the input circuit is equivalent 
to a ‘coupled erreur e: which has on the mixer side inductance Ly and capa- 


citance % 9 and on the side of the input of the first: tube, inductance Ly, 


and éapacttence C,. 


The vrimary aeone tease Cy is the sum of the constructive capacitances -— 


the mixer abet and the coaxial cable which. connects the mixer with the IF 


ae the first IF preamplifier ‘ube and the capacitance of the mounting of. ‘the 


circuit Tr2-2 with various Q-factors of the Prmeny and » secondary circuits. 


‘frequency response. . . 


secondary circuit. Because ie increase in capacitance Co causes a pichaes | 


ee ee input. The. capaci tance Co is the sum of the acpue mipecease: | ! 


increase in the noise factor, constructive measures are taken to reduce -the. 


mounting eeoudttances of the secondary circuit by selecting the most 





compact mounting. 


The anode circvit of oie first tube (L2-1) is loaded on the coupled [P 1T7al | 


The shunting resistors R2-2 and R2-3 are selected to obtain equal Q 7 


factors for a stable amplification. of the stage and a Paienable Peveor of 


The second amplifier stage nen cieibe 3 12-2 tube loaded ae single 
oscillatory circuit which consists of series-~connected apaiueanees L2-6 and 
L2-7 shunted by an R2-6 resistor. The capacitance of the circuit is the | 
input capacitance of the tube and the siete nce the unit combined. 

The. output eireuit is connected with the input of the main IF | 
amplifier through the capacitance C2-12 and a coaxial cable with a character- 
istic impedence of 75 ohms and a corresponding load at the input of the an 
IF amplifier. | 

An optimum correlation is selected between L2-6 and L2-7 to obtain & 
better transmission factor and a peUner pence of the frequency peekowy a 


of the transition from the IF preamplifier to the IF amnlifier. 
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Due to the fact that the cathode current passes through resistances 
‘ O 7 RQe1 and R25, self-bias is ‘supplied to the grids of the amplifier tubes. | 
| ~The capacitances C2-2 and C2~6 shunt. the IF bias resistors and in | 
this way. éxolude the negative feedback of the signal, increasing the 
‘netieiestien of the stages. 
| Power is supplied to the screen grids and plates through a. series (P 162] 
decoupling filter. consisting of inductance L244, resistance R2-7, anc capa~ . 
- eitances C2-4, 2-9, and 62-11. - 7 
| In addition, the resistance R2-7 Teuews the initial source voltage of. 
150 v to a value ensuring the operation tolerance of the tubes. | | 
| The filament Or the bites is also eeeddeied by a filter consisting 
of inductances L2-3 and L2=5 and capacitances: 62-3, 02-7, and C210. . 
| The IF preamplifier is tuned in an arbitrary sequence oy eee the 
nore = the ‘coupled ci ireuits T2-1 and’ 72-2, and ne inductance ‘12-6. 
The core screws are led out on the tube side of the IF . " preamplifier | 
‘aubpanel. | | 
= The cmplification of the LF preamplifier on an IF Frequency is not Page 
than 17 for a transmission band of not less than 6 mc. 


The Ir preamplifier frequency response is represented in Fig. The 





(Fig. ye 


From the IP pieanplitie: output: the signal enters the IP amplifier 
input, employing the miniature “tubes 6Zh1P and 6Zm2P  — (L3-1 + L245). 
OQ | ' To match the IF omplifier -ingut with the characteristic imped- 

ance of the seated cubic and ‘ the IF preamplifier output, a matching : 


load of 75 ohms, which consists oftwo parallely connected resistors of 150 


ohms each (R31 and R3-2), is connected to the IF amplifier input. ys (Pp 182} 
F . - 17l- 
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| 
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| 


represented in Fig. 76. 


50X1-HUM| 





The capatitance C3-68 divides the automatic gain control circuit. | 


The coupled citeuits Tr3-1 to Tr3-5 are connected to the plate 


circuits oF L3—1 to L3.5 tubes with equal, apPeGtOnes 


The : amplifying steps on the coupled Mecits with equal Q-factors- 


possess a more stable frequency response during a change of tubes = alter- 


ations of voltage supplies than signle circuit networks and other networks. i 


A necessary transmission band of each amplityanr step (9 to 10 a 


is ensured te a selected relation between the windings of the plate and | grid 


cireuits and the shunting peut apsee 
All circuits are adjusted by changing the inductance by means of. 


movable cores in arbitrary sequence. Along the central grid circuits of the 


L3-1 and L3-2 tubes a self-regulating amplification of the IF amplifier is. 


carried Outs 
Regulati ing voltage is spels ed from the automatic eee control grid 
Which is located in the range finder device, through the decmusiane Tictver =. 


consisting of filter cells 23-1, 23-2, R3~33 and capacitances C3-1, 03-6, 


and ©3-31. 


| Along the circuits of the pentode grids of ‘the omen and L344 tubes 
the IF amplifier is blocked during transmi ss sion. | 
The blocking pulses are supplied from the modulator grid situated  [P 183] 
in the RB6-2M transmitter-receiver unit. | 
Amplified to the necessary level, -the IF epee is supplied to | 
the lode detector which employs the left half of the L346 (6Zh2P) tube. 


The frequency response of the basic LF amplifier, which is taken from 


the output of the detector for a signal of 100 Ly at the IF input, is 


The frequency response of a, complete IF saplienes together with 


=alf2 = | 
cerrprn | 50X1. -HUM 


A eR em ke Jane 
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_ preamp] rier is represented in Fig. 77. 
| ‘The anplification of the main it i ee ns IF is at ‘least 10,0094 7 
C) the band width . 3 at least 6 me at an irregularity of not more than. los. 7 
thé power supply of bne screen grids and tube plates of ‘the main 
IF amplifier is taken from the source +150 v, and ts ensure the optimal 
"operation: of the tubes, part of the voltage is: consumed across: the i 


resistance R330. 





| A miltisectional ¥ fitter, consisting of inductances Le? te L310 end 

capacitances 03-5, C3-10, 03-14, C318, 03.23, and 03-30, ° is used, for. | 
decoupling the high frequency of the IF anplifier's sereen grids. | 
| The power Supply of the tube ‘Plates; is brought through. the 
oscillatory circuit. - 

The tube Filament circuits are also decoupled a aan other ae 
filter consisting of inductances L3~2 to L346 and ‘capacitences 03.3, 3.8, 
o312, 63-16, C320, 03-25, and 03-29. 

The initial ‘ids of the order. of ev is autonatically supplied to the | 

" i grids of the amplifier tubes due to the drop. of mene across the cathode (188) 

resistances R343, R36, R310, R3-15, and R3-19° ag a ‘resukt of eurrent flow 
from the tubes. To eliminate the high frequency negative feedback, i. Soy to 
increase the amplification, these resistances are blocked by. capati tances 


03-2, C34, 0347, 03-9, C3-11, 03415," 03-19, and C3421. 


. 28. Detector 





(Fig. 78) 
The intermediate frequency signals are detected by a. diode detector | 


| , 
| & occupying the left side of the 13-6 (6Kh2P) tube. 


a 
tion response, beginning with relatively small oon auplitudes; and the 


-173 - _errerm - aa 
| | 50X1 _HUM| 


The main advantage of a diode detector is the linearity of its detece | 
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et eee a ee ee 
chat ag 2 Ce ot 


absence of overload of the detector by strong signals. | 
C : From the Tr3-5 circuit the signal voltage of the intermediate fre- | 
: | Seuey is/supplied to the diode cathode. | 
A rectified voltage of the video signal is obtained on the resistance 
of the R325 detector load, and is then supplied to the video amplifier grid 
through the eeacient circuit C3-27 and R3-26. : | . 
- This transient circuit, together with the right halt of the L3-6 


tube, limits incoming signals with respect to their duration, a process which 





is ensured by. appropriate selection of the time constant. 
7 
; | | 
QO | > | 50X1-HUM 
- 17h - 
4 | 
4 
ze 
i 
i CEORET 
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Z 7 29. Video Amplifier 


SPN 189 (Fig. 79) 


Video pulses from the detector output are further amplified as 


by a video amplifier which comprises the left half of tube 


— *L3<7 (6N3P). 


Active resistance R3-23, having a value of 91k, is 
selected on the basis of conditions necessary to obtain a 
sufficient pass band (of the order of 2 Mc) and a gain of 


around 15 times is connected to the anode @rid of the video 


amplifier. 


_ To decrease the shunting action of the last stages, a 


video pulse from the video amplifier is fed to the cathode 


- follower which comprises the second half of tube L3-7, from - 


the load of which (R3-28) a signal is applied to the matching 


circuit. The amplitude characteristic of the video amplifier, 


teken from the output of the eathode follower, is depicted in 


Fig. 80. 


30. Construction of the Receiver | 
The i-f amplifier is made in the form of two subpanels: 
i-f preamplifier subpanel (Fig. 81, 82), and i-f amplifier 
subpanel (Fig. 83, 8). oe 
The iat preamplifier subpanel is located in the receiver- 


transmitter unit, and the i-f amplifier subpanel, in the range unite 


Knee = 


50X1-HUM 
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i 
- Such a separation is made because the i-f amplifier must. 
be sleet in direct proximity to the crystal mixer to obtain 
a maximum signal-to-noise ratio. But because the receiver- 
_ transmitter unit where the crystal mixer is located is sma. 
SPN 190 and it is not possible to put the i-f amplifier into it, the if. / 
amplifier is structurally divided into two subpanels: the | 
pre=- and the main i-f amplifier. 
The pre=- and main i-f ep eeers are connected. 2 each 
other by h-f cable RK-156, which consists of two parts sonmsecea:. 
to each other be a hermetically sealed h-f plug. 
a The i-f amplifier and i-f a aeeetacniiein ts 


o tov thetchassis of the corresponding units by screws. 4 





The input of the main i-f amplifier is made in the form _ 
of an hef plug which is “located at one nd of the back edge x | 
-of the subpanel, and leads to the front panel of the range unite _ 
The i-f preamplifier subpanel is supplied by a power oe 
| supply cable. | | 
The i-f segnerier power supply cable is teminated by 
seven-contact plug Sh3-1. | 
KTO “ee reference ESpecneene 5 which are ‘connected to the 


chassis by means ‘of nuts, are used in other circuits. These 


~~, . 


capacitors also serve as reference points for the rest of the. 


C’ _ . components connected to them. 


_ 180 ~ 
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C The screws for tuning fhe H-f circuits are inserted in the 
side of the bees The adopted construction of the circuits 
and their attachment to the chassis provide for tuning i-f 
amplifiers With the lids cloded. | | 
SPN 1. The tuning screws are attached by special springs, and 
after tuning are sealed with Beihnen laquer. 
To improve the sperstine Stability of the i-f amplifier; 
the points of connection of the lids with the chassis are fitted — 
with a gasket of special high-frequency electrical seal in 
the form of a special type of cord spliced with wire nie 
Monel metal strip, which improves the contact between the 
lis and the chassis. 
The i-f opsanplivier and i=f amplifier enaseis are silver plated. 
A special contact rack, which BnOEES the power lines of the _ | 
last stages nesrey to the first, is ox in the middle of the 
subpanel to prevent galvanic connection of ae firgt sees 
of the main i-f amplifier with the last. 
The tube sereens, besides their basic function as shields, . 
"perform the role of tube holders, which is accomplished by 
special —— springs which eee part of the screen. 
These springs, besides Bose provide for reliable contact 
between the ue leads and the panel jacks. 


C | A view of the i-f preamplifier and amplifier from the 


_18l -, 
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> ‘Mounting side are shown in Fig. 82 and Fig. 8. 


? 


/ | | | 
31. Noise AGC of the Réceiver (Noise AGC) 
Ever (Noise ACC) 


A constant WOrteee of set noises flows from the output 
cathode follower of the receiver to the coincidence tubes 
SPN 192 and then to the amplifier, peak eenecrees and the output tube 
of the automatic locking device, 

‘The sensitivity of the automatic locking device is - 
controlled at a definite noise level. When the environmental 
conditions or the supply voltages are altered, and also 
aren the tube and Component parameters change as a result of 

| age, the level of receiver set noises may change. 
- An increase of noises may result in operation of the 
| automatic Locking device. 
‘Such 2 false lock causes range-only radar to be “completely: 
| faulty,, since it excludes the possibility an locking on a 
; target. 
> if decrease in the noise level is less dangerous; it | 
leads to a certain loss of sensitivity of the automatic locking 
device. For example, a twofold decrease in the noise level 
| ‘relative to the initial level at which the automatic locking 
; device was set results in a loss of approximately 3-5 db in the 
set sensitivity. | 
In connection with this a noise ACC circuit, the purpose of 


which is to ieee the constant noise level at the receiver 
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output yhen possible destabilizing factors act, is introduced 
into range-only radar. 
Besides this basic requirement the AGC system must be 


relativély insensitive to external interference and target 


pulses whose | =f a intensity can change over a wide 
range. 
SPN 196 The noise ACC circuit, comprising tubes L3-9 (6Zk2P), 


.13-11b (6N3P), and 13-l0a (6N3P) is shown in Big. 85. 

| | The first stage (L3~-9) is an ordinary amplifier stage with 
rewistors; the second stage (tube L3-11b) is a diode detector; 
the third stage (tube (L3-10z) is a cathode foliower. 

The | circuit operates in the following manner: 

Noise from the receiver output is applied to the input. of 
the amplifier ataee (tube (13-9) through capacitor 03-36. 

The amplified and phase-shifted noises are taken fron resistor 
R3-h2, which is the plate load of L3-9, and fed to L3-11b. ‘The 
detected negative noise voltage then flows from the plate load | 
R3-h2 of tube L3~1lb to the grid of cathode follower 18-l0a 
and thence to the orids of the i-f amplifier control tubes. 

In order to avoid the effects of pulse nites reflected | 
from ground objects on the AGC circuit, the latter is blocked - 
for a period of 50 + 70 microseconds from the moment of emission 


, O ‘of the main pulse. 


~ 186 = 


| 50X1-HUM 
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The trigger pulse from unit 2 passes to diode L3-20b (right 
half), is expanded by the R3-98;C3-70 network, passes through 


capacitor C3-69 to the pentode grid of tube 13-9, and blocks 


the tube for a period of 50 to 70 microseconds. 


Consequently, the noise AGC circuit does not function for 
a period of 50 to 70 aiewoasconds during reception (see Fig. 86). 
The original noise Level at the output of the receiver channel 
is set by potentiometer R3-l5 and corresponds to a certain negative 
voltage at the AGC output m 
The noise level at the output of the receiver channel is 
set within limits of 5 Tv (0.5 of the cutoff limit). 


When the noise level at the output of the receiver changes 


7 relative to the originally prescribed level, the AGC circuit 


changes its negative output voltage, leading to a change «> in 


the gain of the receiver and to the retention of the prescribed 


noise level at the output of the receiver channel. 


In the event of the absence of manipulation of the circuit 


a a meee pulse when pulses reflected from ground objects 


are present, the AGC circuit increases the controlling voltage, 


‘which decreases both the noise level at the output of the 


receiver as well as the sensitivity of the set. 


32. Pulse Automatic Gain Control of the Receiver (Pulse AGC) | . 
Pulse attomatic gain control is designed to maintain the 
pulse amplitude of the target at the receiver output at an | 
| | 167 
| SRORET | 
| 50X1-HUM 
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2 approximately eonstent level when the intensity of the reflected | 
tas signal at the input changes over a wide range. This is achieved 
by increasing the accuracy of determining the range to the target a . 
since in the absence of such control the determined range 
: would depend on the intensity of the reflected signal; thus, | 
“the range would be different for two aircraft (targets) of | 
different size located exactly the same ; distance from the 
SPN 202 receiver. There would also be an error in eipaing with the 
2 target. This is explained in Fige J7. 
| | The pulse AGC circuit epateean only on the basis of a selective 
7 pulse; that is » a pulse which is locked on by the range unit. 
os Such selection is necessary so that a decrease in the gain of 
. the receiver does not occur in the presence of strong 
extnaneous pulses (for example » noises reflected from nearby 
| aircraft of the ground), which could lead to the impossibility 
i. of locking on a weak useful pees reflected from the target. 
| The pulse AGC circwit (Fig. 88) operates in the following 
‘manner: - - 
A positive pulse passes from the anode of the amplifier of 
“the automatic lécking device (L3-19, right half of the tube) 
‘through spacing capacitor C3-65 to the grid of the amplifier 
| of tube L3-11 (6mP). The performance of this amplifier (bias) 
is determined ‘by the control "Pulse Amplitude" (potentiometer 
/ R365). - 
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A negative pulse taken from load R3-52 is detected by the © 
normally. closed right diode of tube 13-10 and, from its load 
and the stretching capacitance (R5-:7, C3-39), is applied in 
the form of a d-c voltage to the grid of the cathode follower 
| (left triode of tube L3-10) and thence to the control grids of 
‘the i-f amplifier control tubes. 
The change in bias at the control grid of tube L3-Ha 
leads to a change in the amplitude of the video pulse at the 
output of the receiver channel. The magnitude of the 
epiatias at the output of the receiver channel is usually 
. maintained to within 0.9 of the cutoff level. | 
SPN 202000 | | | 


_193 - 


: Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030700180001-1 


Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030700180001-1 


‘ Se eae ta Eg tn week Cane aban ne eh Sabir 5 Maas Mla a eine an hain tne tannin wile No net IE as i 
Sonar tp gemini manent: om le erie 


= ee | | ' —50X1-HUM 











SPN. | | | | : 
2030 / VII. POWER SUPPLY RB6-) 
| 33. Function 
This unit is intended to supply the units of the txvant" range= 
only radar with rectified, stabilizec voltages of: 
+ 300 v, + 200 v, + 150 v, and - 150 v. 
3h.) Functional Diagrer 
The functional diagram of the power suoply consists of seven 
basic assemblies and is shown in figure 89. 2 
then a ~ 115 v, LCC eps voltage is applied to the primary windings 
-of the transformers, voliazes are taken from the secondary windings 
and fed to rectifiers designed as bridge circuits with crystal diodes 
type D7Zh. After this, the rectified pulsating voltages are fed to 
electronic voltae stabilizers. 
| The constant voltages are fed from the output of these stabilizers 
to the plug connector of the unit. 
35. Schematic Diagram of the Unit 
| A schematic diagram of the unit is shown in figure 90. The unit 
4s supplied by a ~ 115 v, 400 cps a-c voltage. 
Rectifier and Stabilizer, + 300 v 
The rectifier which supplies the electronic stabilizer with 
+ 300 v is built on a bridge circuit with crystal diodes D7-Zh. 
PN | ; 7 | 
ook Four crystal diodes are connected to each arm of the bridge. 


In order to decrease the pulsations of the rectified voltage, a 
capacitor Cl-l equal to 2 microfarads is placed at the output of the 
rectifier. 

The circuit operates in the following manner. 


“When an a-c voltage (~ 115 v, 400 cps) is applied to the primary 
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winding of the transformer, a voltaze of ~ 390 v is taken’ from the | 
secondary winding 3-5 and applied to the bridge. | 


= When terminal 3 of secondary winding 3-5 of transformer Trl-2 is 
positive with respect to terminal 5, Dh-17, Du-18, Dh-19, Dh-20 and . 
— Dh-25, Dy~26, Dh-27, and Dh-28 function. | _ 


At the next moment, when terminal 5 of the secondary winding is - 
positive, arms Dl-16, Dl-15, Dh-1h, D-13 and Dh-2h, Dh-23, Dh-22 ,. 
and Dy-21 function. ' | 


_ Thus, the rectified current passes through the load through both. 
half periods in one direction. 


There are no filters in this rectifier. This is exolained by the 
fact that the property of the electron-ion voltage stabilizer circuit 
is used as a filter. | : 3 | : 


Stabilizers of this type have instantaneous reaction to changes 
in the voltage of an external power supply, which is the rectifier, 
. while maintaining at the same time a steady output voltage. 

SPN - | | 4 | 
205 —-'. Further, the rectified voltage is applied to an electronic vol- 

—- tage stabilizer which is designed as a series-connected circuit with 
a control tube (Ll-1) type 6P1P and a two-stage d-c amplifier ‘tube 
Lh-l) (6N2P), with a reference voltage supplied by voltage stabilizer 
SG3S (Lh-10), which is common for all electronic stabilizers of the 
unit. 3 


Let us assume that, due to an increase in voltage of the ~ 115 v 
400 cps supply network, or as a result of a decrease in current con- 
sumption, the voltage at the output of the electron-ion stabilizer 
increases. This leads to an increase in the divider current, consis- 
ting of resistors Ri-6, Ri-7, Ry-8, and R-9, to a decrease in nega- 
tive bias at the control grid of the right half of tube Ll-2, and, 
accordingly, to an increase in its anode current and a drop in voltage 
across resistor Rl-5. In turn, the increased voltage drop at resistor 
- Rh-5 causes a decrease in negative bias in the left half of tube Lh-2 
and an increase in its anode current, and, accordingly, to an increase 
in the voltage drop across resistor R4-. The voltage drop at resistor 
 Ru-l is in no way different than the bias of control tube Lh-1, which 
: determines its internal resistance. . 


The internal resistance of tube Lij-1 increases, causing an in- 
crease in the value of the voltage applied to it and a decrease in the 
- voltage at the output of the stabilizer. 
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206 Thus, the resulting increase in voltage will be compensated. With 
_ a decrease in the voltage of the ~115v, L00 cps supply network, or | 
_ with ax increase in current consumption, the voltage at the output of 
the electronic :stabilizer will be stabilized in a similar manner. 


ROP 








Resistors Ry-2 and Rl-88 serve to limit the current through tube — 
| Lh-l (6P2P). 


Capacitor Ch-2 serves to increase filtering of the output voltage. 
Capacitor Ch-3 is a decoupling capacitor. 
Fuse Prl-2 serves to protect tubes Lli-1l and Lh-2 and transformer 
Rectifiers and : Stabilizers, + 200 v and + 150 v 
| The rectifier which supplies the + 200 v and + 150 v electronic © 
stabilizers is assembled in a bridge circuit with crystal dicdes DiZh. 


- Three erystat diodes are connected to each arm. 


| The principle of operation of the rectifier is analogous to that — 
- described above. ue 


The 200 v electron-ion voltage stabilizer uses tubes L4-3, Ll-h, 





and Ll-Sa. 
_ The 150 v electron-ion voltage stabilizer uses tubes Ll-6, Lh-7, 
and Lh-5b. 7 | | 
SPN | : | | 
207 | Rectifier and Stabilizer, - 150 v 
~The rectifier which supplies the - 150 v electronic stabilizer is. 
also designed as a bridge circuit with D7Zh crystal diodes. Each arm 
is connected to 2 diodes. | 
Unlike the positive voltage rectifiers examined above, the vol- 
tage for the stabilizer is taken from the minus" side of the bridge 
circuit in this case. 
i * ". Tube Lh-8 is used as a regulating tube, Uso as a control tube, 
: and Lh-1O as the reference voltage source. 
- The principle of operation and Pinetions of the individual ele- 
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90. Schematic Diagram of Power Supply. 
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ments of the circuit are analogous to the above-described circuits 
with only one exception -- in the negative~voltage electron-ion stabi- 


lizer, a decrease in supply voltage causes a decrease in paReeeee bias 


as the control tube. 


we 
‘ 


Resistor R)y~ 32 is the load resistance of voltage stabilizer Lh-10. 


Capacitor Cl-11 serves to decrease pulsations of the voltage sta 


bilizer as well as posess self-excitations of the circuit. 


36. Construction of the Unit 


The power supply unit is built in a separate mounting frame 


having a shock-absorbing frame and housing. 


A general view of the unit is given in figures 71; O23 93, and’ gl, 


The more intense sources of heat, namely tubes 6P1P (6 tise 


.. 6N2P ¢3 tubes), SG3S (i tube), and the vitrified resistor are placed in 
a section adjacent to the front panel. The cavacitors are separated 


from the forward section by an insulating partition. 


On the front panel of the unit (fig. 91) is a fuse box anda. 
cable with a 9=pin connector plug. 


At the rear wall of the wit (fig. 91) on a brace are the avpstaiy 


7 diodes, which are separated from the capacitor section by another, 
screen made of textolite. | 


Also on the rear wall of the unit are the control units for 
+ 300 v, + 200 v, + 150 v, and - 150 v. 


The shock-mounted frame is mounted to the housing with the aid of 


_ Locator pins and-two knurled hinge nuts. — 


The Ainenstons of the unit are: 28) X 150 X 168 mm. 


Weight of the unit: h ke. 


VIII. Speed Unit RB6-5 


37. Function 


This unit is designed to automatically determine the relative 
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Pug. 91. OGamm BHD G.10xe PD6-4. 
Fig.91- General view of unit RBG-4 | 
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7 saad of the target and to feed bax seceeasicgiins voltage to ‘ie sight | 
-computer ASP=-5NM and to the comparator unit K~8. 
- ., 38. Basic Technical Data of the Unit 
a ae for speed voltage output in mode "A"; 
iy (v) 2 00. ¥ m/sec 
-_ in mode "B''; 
Usp (v) == 0.04 V m/sec 
Speed is positive during approach. 
Be iesaoiem statistical error in determining speed; 
| in mode "A" -~ no greater than * 10 m/sec 
in mode cee -- no greater hay + 35 m/sec 


_ ¢. Target speed soles is presented in a speed range from 
| ~ 100 m/sec to + 00 m/sec.. | | 


-'. @.° Dimensions of the unit: 92 X 92 X 170 {mnm] | 


e. Weight of the unit: 1. kg. 


39 9. Functional eae of the Speed Unit (Fig. 95). 


- The range voltage Ug from unit RB6-3, taken from cathode follower - 
- *L3-22b through filter R5-13, C5~9, is applied to pen enontratens 
. edreuit ql, R5-1. 
SPN | | 
Pls ; 4 A voltage appears at the stent of the suereveni@atine circuit 
_ ‘ which is proportional to the rate of change of the voltage at the 
input of the circuit. Since a range voltage is applied to the input, 
the output will provide a voltage which is provortional to rate of 
._ approach or withdrawal of the target (fig. 96). 


‘The magnitude of this voltage is mala enaianase ‘be amplified to 


"the required value. Since the speed voltage is constant or changes 
‘slowly, a d-c amplifier must be used for this purpose. 


- 202 - 
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The presence of drift makes it impossible to use ordinary d-c 
amplifier circuits, and, therefore, a special amplifier was designed. 


OMA am 


The amplifier consists of a balance converter based on tubes 
_ 5-1 and L5~2 (type 6S6B), a phase detector based on tube L5-3 nar 
and a cathode follower -- tube L5-l, type 6S6B. 


| ~The amplifier encompasses a feedback circuit which increases its 
operating stability and provides a constant amplification factor. The 
value of this amplification factor is determined by the feedback cir- 
cuit and is equal to 8. 
The speed voltage passes from the output of the phase detector ° 
through cathode follower L5=l; to the sight computer ASP-~5NM and to the 
comparator unit K~8. 





SPN | | 
“216 ae _ Capacitor C5-8 is used to smooth speed voltage fluctuations. 
| _ ° During the setup time of the speed voltage, equal to 1 second, capaci- 
- tor C5-8 is disconnected. If this were not the case, the setup time 
would be considerably greater. 
ho. Description of Schematic Diagram (Fig. 97) 
_ A voltage proportional to the range to the target is applied 
through filter R5-13 and C5-9 to the differentiating circuit C5-1 and 
R5-1, at the output of which is produced a voltage proportional to the 
speed of the target. This may be explained by the fact that, at the 
output of Such a circuit, the voltage is expressed by the relationship: 
aU; 
U = a ¥ in. C 
out. at R 
This condition will be satisfied within a time corresponding to 
(3 + Um RC (fig. 96); since, when the station is operating in mode "A" 
Uin, = 95 = 35-5 then, 
a U an. et, tee, OD : 
oe AL | 20 dt” 
correspondingly: : | 1 
217.=«=s*S: Sines RC = 1+10% 0.25:10° = 0.25 sec, 
Serr yo, . dd 
out. Bode 
_° 20); — 
erent SOX -HUM 
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The given value of speed is determined by the relationship: 


= 





_  la®D | | 
a Usp. =~ iat 
‘This also explains the need for an amolifier with an amnlification 

-. -factor “ ie . 

. tye Coc we. 

When the station is operating in mode "B¥ 
U in. = Ios - a a 
dUin, ia 
At SC dt 
Accordingly: 4 
Oe : U out. = eo RC di 


| | dt. 
Since the time constant has not changed, | 
RC = 0.25 microfarad 


ta 


~ 200 dt 


Since the amplification remains as before, the speed scale in 
the "B" mode will equal: 


U out.> 


U sp. 


Kr 
WW out. 


U sp. = Vout. 8 = - 0.0) V 


An L~shaped filter R,,C, is introduced for the purpose of elimi- 
nating extraneous influences found in the range voltase. 


The computing circuit is also a d-c amplifier with an amplifica~ 
tion factor equal to 8. 


i The necessity of obtaining a linear characteristic and stable 
operation of the amplifier led to the use of a converter at the output 
of circuit L5-1 and L5-2 to convert the d-c voltage to 00 cps signals 
and to the realization of a basic gain in alternating current. Subse- 
‘quent reverse conversion is accomplished by a phase detector (L5-3). 


In the search mode the control grid.of L5-1 of the balance con-| 
verter is connected to ground and the voltage at the grid is equal to 





2 207 - : 
ee 3 - 50X1-HUM 
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. zero. the latter is also the case when locking on a stationary tare | 
get, when the range voltage does not change. . 


The voltage at L5-2 is also equal to zero, while the currents 

flowing through the right and left windings of pulse transformer Tr5-2 

_..are equal in value. There is no a-c voltage at the output winding of ,- 
| “Tyoses,  F: 3 

SPN . | : | 

2200. 0~—O An a-c voltage (100 v, 00 cps) is applied to the screen grid of 
= phase detector from a special winding of transformer Tro-1, During the 

positive half of the voltage evcle at the screen, the tube opens and. 

_ current flows through the anode circuit. During the negative cycle, 

-, the tube is closed and current ceases to flow. | : 


Capacitor C5-6 smooths the voltage pulsations at the anode, ‘The 
ovérating conditions of the tube are selected in the given case so 
that the voltage at the anode of L5-3 is equal to zero (this is possi- - 
_ ble since the cathode of L5-3 is supplied by the - 100 v source). | 
. This. voltage is applied to the grid of cathode follower L5-);, A gero 
... voltage is fed from the output of L5-l; through feedback divider R5~6, 
— R5-5, and R6=-6 to the grid of L5=2 and to the sight circuits. a 


a] When tracking an approaching target the range voltage increases. 
dhe derivative of this increasing value is positive and, therefore, 
the voltage at the left grid of the balancing amplifier increases to a 

- certain positive value. This value will depend on the closing speed. 


| Due to the increase in voltage at the grid, the current in tube 
L5-1 increases in comparison with the current in the right half. These 
currents cease to compensate for each other and an a-c Signal appears 
at the output of Tr5-2. The middle point of Tr5-2 is supplied by an 
a~c voltage (200 v, 00 eps) from transformer Tr5-l1. ‘The a-c voltage 
from the output of Tr5-2 is applied to the grid of phase detector L5-3, 
SPN - = : : | 
OOO dey He As may be seen from figure 98, the phases of the Signal voltage 
, ' and the voltage at the screen grid of L5-3 are, in this case, in 
opposition. This leads to the fact that, during the positive half of 
_ . the screen voltage cycle, the voltage at the control grid decreases ~ 
and the anode current of the tube also becomes less, while the voltage 
at the anode increases. | | 9 


| The increase in ‘voltage at the anode is transmitted through L5-3 
to the sight. In tracking a receding target the voltage at the con- 
trol grid of L5-1 is negative and the phase of the Signal voltage at — 


L5-3 coincides with the phase of the reference voltage. 
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The anode current of LS-3 increases and the voltage at the anode 


-- and at the output of the circuit drop. The values of the voltage at 
' the output become negative. In order to obtain a linear transfer 


characteristic, the enties circuit encompasses a feedback circuit in 


oo form of divider R5-6, R5- 5, and 6-6, 


ae ‘to the high "internal" gain, the transfer constant of aie. 
entire amplifier is determined in the basic feedback clreulit by: 


1+ Kop : 


where: K -- the transfer constant.cf the a slificr witn feedback; 


/ .K = the transfer constant of the sams « 2.ifler without a 
feedback circuit; : 
B .- the feedback factor. 


> In our case Ky ® 1,000. 


p - $BRSo-5 + Rab | ay 
Roh + R6=6 + 5 = 8 


Thus: 1,000 


| "T4200 “Fs 
r+ 20 


Since the scale (slope of the characteristic) of the speed vol- 
tage depends on the value of the transfer constant, it may be pouetes naan 


| Pe changing B by means of R6~6. 


Null control is aecommitenss with the aid of variable resistor | 


- R6~-10, which balances the currents in L5-1 and L5-2. 


To decrease speed voltage fluctuations, which will occur because _ 


of fluctuations in range voltage, the smoothing filter R5-6 and nae 
is introduced into the feedback circuit. 


The principle of operation of the filter is ‘eased on the fact 
that, in the given case, the feedback factor for the high-frequency 
components of speed voltage will be considerably greater than 8, since. 
the equivalent resistance of C5-8 will decrease with an increase in 
frequency and will become less than R5-6. 


Accordingly, - the: Spit rication Packer of the amplifier for aa 


‘aes components decreases and fluctuations do not pass to the 


~210 = 


50X11 -HUM 








| — | | | | | 
‘Declassified in Part - ‘ Sanitized or aapreved for Release 3013/01/25 - CIA- RDP80T00246A030700180001- 1 


eclassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030700180001-1 
9 ’ = : SECRED , , 50X1-HUM—* 














output of the circuit. 


A/delay in switching on the filter is necessary in order to de- 
crease the setup time of the speed voltaze. — 
SPN : 
22h | _ dn the differentiating circuit 2C = 0.25 sec. Hthout consider-_ 
: _ ing the filter, the setup time is 0.75 +1 sec., and with the filter 
_ it reaches greater values (RC of the filter = 0.05; LRC = 0.2 sec, 
“considering gain, Reouiv, = 8 x 0.2 = 1.6 sec). | 


» 


. In the search mode a search voltage will appear at the input of 
the differentiating circuitwhichh will fluctuate between 25 and 185 

volts. When locking-on is achieved, the voltage will correspond to 
_ the range to the target. . 


in order that the unit will not ve overloaded by large voltages 
while in the search mode (scanning rate ~ 3,000 m/sec), the erid cir- 
cult of the input tube of the balance converter L5-1 is connected to 
_ ground by contacts 1;2 of relay R5-1 and opens only at the moment of 
_- lock-on, while, simultaneously, contacts 3; of the same relay send 
. @ lock-on signal to the sight ASP-SNM, | 


1. Construction 


The speed unit has a cylindrical shape with a maximum diameter of 
92 [mm] and a length of 170 [mm]. The unit is dust- and moisture- 
proof. - | | 


Located on the front panel of the unit are tubes with rubber 

_ SPN _ seals protected a perforated metal casing, and the connecting cable 
225 with hermetically sealed bushings located under the protective face 
- | plate and shield. (Fig... 99). 


” Perpendicular to the front panel is the mounting frame which has 
cutouts of complex shape. 


On the top of the mounting frame (fig. 100) are located: the 
power transformer, a type R54 relay, an interstage transformer 
TI-87-0-000, type MGBP capacitors, type MPGP capacitor for the dif- 
rerentiating circuit, and a-wiring panel. . 


i Precision resistors are located on the bottom of the mounting 
| frame (fig. 101). | =. | 


The unit has a cylindrical housing with a sealing flange. 
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Sealing is accomplished through the use of a rubber gasket be- 
tween the front panel and the flange of the housing. ‘The unit has 


removable holding straps. . 


. .The weight of the unit is 1.4 kg. 


IX. Control Panel (K~6) 
- 2. Function of Control Panel 


the control panel is the center of all the basic controls of the 
set and is the control point from which is measured the voltage at the 
"sensitivity" potentiometer of the automatic lock-on device. In addi- 
tion, the "time relay" which serves to delay cutting in of the high | 


voltage in unit RB6-2M, and the circuit switching relay for the opera~ 
. ting modes of the set are also located on the control panel. | 


43. Schematic Diagram of Control Panel 
A Schematic diagram of the control panel is given in figure 102. 


Fuse PR6-2 (5 a) issiccaved in the 115 v, 00 eps circuit-breaker. 
When the current consumed by the sight or the radar in the 115 V; 
400 eps circuit exceeds 5 amperes, fuse PR6-2 blows the circuit~break- 
er in the network. 


| Fuse PR6-1 (10 a) is located at the breaker for the 27 v circuit. 
When radar or sight current exceeds 10 amperes in this circuit, fuse 


_ PR6-1 breaks the circuit. 


The "AFC Gain" potentiometer serves to regulate the initial bias 


at the control grid of the i-f amplifier tube of the AFC circuit. 


Capacitor C6-2 blocks high-frequency current from resistor R6-3. 


_ The "Sensitivity" potentiometer R6~13 and resistors R6-12 and 
R6-1h create the necessary level at which the ‘automatic lock-on cir- 


 euits begin to operate (see the description of the automatic lock-on 


circuit of range unit RB6-3). 

The "Range Zero" potentiometer (R6-15) and resistor R6-16 comprise. 
a divider from which is taken the voltage for regulating range zero in 
the "Fast Sawtooth" generator. : 


-Potentiometer RS-11 is located in the grid control circuit of the 


. ~ 21); = 
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fast sawtooth generator and regulates the range "Scale" in mode "A", 
Potentioneter R6-17 regulates the range "Scale" in mode "B", 








" Potentdometer R6-6 is located in the feedback network of the cir- 
_ cult which provides the speed voltage and serves to nee the 
’ "Speed Scale." 


| Potentiometer R6-10, resistors R6-8, R6-9, and cavacitors C6-3, 
. C6-l) are placed in the eathode circuits of the amplifier used in the 
'- speed processing circuit. Potentiometer R6-10 regulates the speed 
"vero. tt : 


The purpose of relays R6-1 and R5-2 is to delay cutting in of the 
~ high voltage for the period of time necessary to warm-up the modulator 
_ in the receiver-transmitter unit. Relay R6-1 is a thermorelay; ee is — 
an electromagnetic relay. 


SPN | A voltage of + 27 v is fed to the winding of R6=2, which closes 
(230 -  - the high-voltage circuit (contacts 7-12), through the normally open 
o | contacts of 7Shey R6-1 (contacts 3-)}). | 


When ie togrle-switch "stantsiya" [set] on the sight is switched — 
_.- on, a voltage (~115 v, li00 cps) is aoplied to unit RB6-), where the 
supply voltages of the set are produced. A - 150 v voltage is fed to 
. thermorelay R6-1. ‘The operating time of the thermorelay is 2.5 to 
3 min. When the relay operates, contacts 3-l; close and + 27 v is 
applied to the winding of relay 36-2, operating this relay and closing 
-contacts 7-12. | 


: After this, the high voltage may be turned on by means of toggle~ 
“switch "Radio-Optics" located on the control panel of the sight. When 
. this switch is turned on, a voltage of ~ 115 v, 00 cps is applied to 
the primary winding of the high-voltage transformer in unit RB6-2M — 
and signals that the high voltage is on. 


Fuse PR6~3 (0.5 a) is located in the fieeyeteace switching cir 
cuit. If current consumption in this circuit exceeds 0.5 ampere, 
_-the fuse blows and the circuit is opened. 


Relay R6-3 serves to switch: the radar circuits between modes 
“WAN and "B".. In mode "A", when the relay is de-energized, the range 
voltage is oe to the. Sight according to the rule: 


D 
Wa = 195 - 


a alae? 11 sad Oy the circnit R6-17, R5-18, ‘R6-19 is shorted beote 
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tages 9-1), and the ferrite switch switches overation of the envenna | 
a) wide, beam (contacts 12-3 and 10-3). 


SPN | | 
231 oo wis the presence of a mode "B" signal, relay 26-3 operates and ©. 
_ disconnects the range voltage from the sight circuits, applying it to 
+ unit K-8 (contacts 11-5). The network R6-17; R6-18; R619 is connec- | 
| Pa in series with the potentiometer "Range Scale A," following the - 
rule: 
Use ig9g . 
A= 195 - 
Sinul taneously, the ferrite switch switches the antenna to 
narrow beam. Resistor R6-21 (100 ohms)serves to measure the currents 
of the ferrite switch in.moth modes. ? 
Resistors R6-7 and R6-20 provide the required nagnetization ? 
current for the ferrite in both modes. : 
hk. Construction of Control Panel 
(Figures 103, 10) - 
a The control panel is made of a box chassis and a housing which is: 
'. fastened to the chassis by 5 Screws. On the front panel of the unit. 
are the following: | 
She a. "Sensitivity" potentiometer 
SPN —  . be "Range Zero" potentiometer 
e332 060C~C<“<i‘“‘Céi OU Range Scale A" potentiometer 
| oe  -d. "Range Scale B" potentiometer 
—  @. "AFC Gain" potentiometer 
f. "Speed Zero" potentiometer 
ge "Speed Scale" potentiometer 
h. "115 v, 5 a" fuse 
ai. lS v, "VN." [High-Voltage], 0.5.a fuse 
je 27 v's LO a fuse 
At the acco of the unit is a cable giich 4 connects to an inter. 
mediate 


cable with the aid of a type "RM connector with 28 pOntaeree, 


Dimensions of the unit: . 170 X 110 aK 78 mms 


Weight of the unit: 1. 5 kg. 
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C$ SPN | 
! 4 235 y X. Comparator Unit (X-3) 
: 4 45. Function 
— . the comparator is designed for: 
Oo a) Supplying a present-range-to-target voltage to the pilot's 
8 Pike mange indicator "UD-1L" following the rule: 
3 | | Ae) range (volts) = 3.75-D (km). 
iH | b) Automatically comparing present range to target with the per- 
! 9 missible . launch range of homing missiles K-13 anc supplying a trigger 
no g ‘signal to the green light "Launch" -located on the pilot's instrument 
ao panel. : / 
. 4 Jc) Signalling wnen withdrawal-from-attack range has been reached | 
ae the red light "Pull-Out" iocated on the pilot's instrument panel). 
Pg a) Feeding 2 d~c voltage (+ 27 v) to VRD=2A. 
oe oe a Switching the circuits of the unit to operating status is accom= 
oe -- . plished automatically by lock-on and mode signals. : 
a 7 
| 46. Basic Technical Data of the Unit 
POLE a) The operating range supplied to the peneeee range indicator ~ 
ae "UD-L": O + 8 kn. | : 
es | b) The relationship of present-range~-to-target voltages supplied 
hae ' to the pilot's range indicator is given in:table #1. | 
poh Table #1 
Z SPN © — ; — . 
i: 236° D {range} (m) | US Cv) 
" 7 Pee Or a Se re te ce ete me eee 
7 1,000 | 3.75 
Ee 2,000. 7.50 
: 3,000 11.25 
. - ~h,000 15.00 
: i 6,000 22.50 
ee | 7,000 26.25 
be 8,000 30.00 
pS | 
| ‘ 
i 
: Y- 219 - 
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-- . @) The relationship of withdrawal-from-attack signal (pull-out 
sienel / to range-to-target: 


1,000m £ Diss out * 


_.d) Dimensions of the unit: 159 X 109 X 90 [mm]. 


1,150 m 


- e) Weight of the unit: 1 kg. 


| Ne: Description of Operation of Unit According to 
as iE ee an Functional Diagram 
| A functional diagram of the unit is given in figure 105. 


The permissible range voltage (Uj “ from the output of VRD-2A 
and the present range voltage (Uj= 195 8 are fed through the . 


cathode follower to. the comparator tube L8-2, which is closed in the 
- initial state. | 


eo | The moment of launching the missile is determined from the 
equality: 

| : “ores < Dyer 

SPN. = 

237 When Uy pres £ Uy nex? tube L8-2 opens and the woveaee at its 


| anode drops suddenly. At the same time, the voltage at the grid of 
_ the tube of relay L6-3a decreases, the tube closes, and the relay, 
which is connected to the anode of the tube by its oe closed 
' contacts, turns on the green light "Launch." 


7 The ipuliaout" circuit consists of a precision divider to which 
is fed, on the one hand, the present range voltage and, on the other, | 
a negative voltage of ~ 150 v. 


: The voltage from the divider is applied to the grid of tube 
L8-3b, to the anode of which is connected the pull-out signal relay. 


The tube is closed in its initial state. . 


"= _ With the arrival of a lock-on signal and when the range voltage 

: has reached a value equal to a distance of 1,000 +1,150 m, the tube 

opens and the relay operates. The "Pull-Out" light on the pilot's © 
instrument panel turns on. | a 


-220 = 
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| The circuit used to convert the present range voltage to the vol- 
tage which is applied to the pilot's range indicator consists of an - 
. operational amplifier in a negative feedback circuit. : oO 


| The* present range voltage, which is apolied to the input of the 
_ . operational amplifier, changes from 195 v to 35 v with changes in range. — 
. from 0 to 8-km; that is, it changes according to decay law. 


: | . In connection with the fact that the full deflection current of 

SPN the pilot's range indicator is equal to 10 ma and the resistance of the 

238 - +. instrument is equal to 3 kilohms, it is necessary that the voltage in 
_. the indicator change within limits of 0 to 30 v with changes in range 
-. (Dynes) from 0 to 8 km; that is, according to an increasing law. — | 


: Conversion of the law to a range voltage scale is accomplished by 
the operational amplifier which sends a range voltage in the necessary © 
~seale to the pilot's indicator. | 3: 4 


48. Description of Operation of Unit According to 
a - Schematic Diagram. - 
A schematic diagram of the unit is given in figure 106. 


_'. When the set is operating in mode "A", relay R8-5 is in the re- 
_.leased position. In this case the circuit of the range instrument is. 
open. | oe 


7 In the absence of a lock-on signal, relays.R8-3, R8- are in the © 
- released position. | | 1 % : 


| The range instrument and "Launch" signal circuits are open and 
-. part of the divider of the pull-out circuit is connected to ground. _ 


7 In the presence of a mode "B" signal and a lock-on signal, the 
relay operates and the circuit becomes operative. | 


= The basic function performed by. the unit is the comparison of two 
voltages: ge RP Bh = : =. 

| Ug pres ~~ supplied by the range unit, and Us ver ~- taken from po~ 
| tentiometer VRD-2A..- | 


The present range voltage in the scale UWj= 195 - =5 taken from 


"= 223 - 


of : oye = i tye ae 8 eo a | a: 90X1-HUM 
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unit RB6-3, flows through cathode follower L8-1 (a) to the precision 
divider, R8-33, R8-3h, R8-35, to the other end of which flows (also 
through the cathode follower L8-1 (b)) the permissible range voltage 
taken from potentiometer VRD-2A. The control grid of tube L8-2, a 


' pentode with high transconductance and a high-resistance anode load, 


is connected to the middle point of the divider; therefore, the slight- 


‘est change in the voltage at the grid with respect to the cathode will 
“cause a sharp change in the potential of the anode. 


Tube L8~3a is open in its normal state. 


The operating condition of tube L8-2 is selected so that when 
voltage U4. es iS greater or equal to Ud oe,, the tube opens and a 
voltage is suddenly applied to its anode. Phe drop in voltage through — 
divider R8-7, R8-8 is applied to the grid of tube L8-3a. The tube . | 


closes and de~energizes relay 8-1. ‘The green light "Launch" on the 
pilot's instrument panel is turned on. The withndrawal-from-attack 


circuit consists of a precision divider and tube L5-3b; the anode of 


this tube is connected to relay R8-2. One side of the divider is 


supplied by a voltage of ~ 150 v and the other side by the present 


range voltage. 


In its initial state, when there is no lock-on signal, part of 
the divider is grounded through contacts 3 and 4 of relay R8-l|, and a 


‘negative voltage from R8-13 is applied to the grid of L8-3b, closing 


the tube to current flow. . 


With the arrival of a lock-on signal, relay 8-l, operates and 
the divider is disconnected from ground. 


Now a range voltage flows to the divider. When the range voltage 
equals 175 + 172 v [sic], corresponding to a range of 1,000 ~- 1,150 m, 


the potential at the control grid of L8-3b increases until the tube 


opens and relay R8-2 operates. The red light "Pull-Out" on the pilot's 


_ instrument panel is turned on. 


In order to check for errors in the comparator circuit and the 
pull-out range circuit during ground checkout, a calibration signal is 
taken from the control instrument KPK. In this case, relays R8-7 and 
R8-6 will operate and send voltages from KPK to the input of the com- 
parator circuit, simulating vermissible and current range voltages. 


The circuit which supplies the range voltage to the pilot's range 
indicator is deSigned with tubes L8-l; and L8~5. The true range voltage‘ 


‘changes from 195. to 35 v; that is, the voltage drop will equal 160 v. 


~225 « 
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The voltage applied to the range indicator must change from O v to 


-30 v3 that is, the voltage drop to the indicator is approximately 5 
eee less. 


This condition determines the scale of the operational amplifier, 


- which is set by the ratio of the arms of divider 28-16, R8-17. 


For precise adjustment of the scale, the divides is connected to — 


. potentiometer R8-16, the center point of which is connected to the 


grid of tube L8-5. 


‘The operational amplifier represents a servo system with strong 


- negative feedback. 


Tube L8-5, a pentode with high gain, picks up the smallest 
changes in voltage at the center point of potentiometer R8-16 and, 
after amplification, feeds the voltage through divider R8-20, 28-21 to 


_ the grid of cathode follewer L8~hb. 


A change in voltage at the cathode of L8-lib causes a change in 
the voltage drop across R8-17 so that the voltace at the center point 
of potentiometer R8-16 will always equal sero. ‘: 2n example, let us 
assume that the voltage at the cathode of L8=ha decreases; then the | 
potential at the control grid of L8-5 decreases, the voltage at the 
anode of this tube increases and is fed through divider R8&-20, R8-21 
to the cathode follower L&-lb. The increase in voltage at the cathode © 


of L8-lb causes an increase in the voltage drop across R8-17 so that 
the voltage at the center point of potentiometer R8-16 will equal zero. 


On the other hand, if the voltage at the cathode of L8-lia in- 


-ereases, the voltage at the cathode of L8-lb decreases to a correspon-. 


ding degree and the voltage at the center point of potentiometer 
R8-16 will again equal zero. 


The range voltage in the pECGesary. scale is fed to the pilot's 


range indicator. 


Tubes L8-6 and L8-7 form a eeu Mier with electronic stabiliza- 
tion for supplying VRD-2A with a d-c voltage of 28 ve. Potentiometer 


 -R8-41 (VRD), located on the front panel of the unit, sets the output 
voltage of the rectifier. 


U9. Construction of the comparator 


The comparator unit is built in a box chassis, one wall of which 
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(© _ forms the front panel. All parts are mounted on plates to provide 


18), — to the parts when replacement may be necessary (fig. 107, as 
10 | : 


- i. = " | | : . The housing is fastened to. ‘the chassis with screws. 


gs bees 7 : oe On the front panel of the unit are the following: 


a) "Range Zero" potentiometer (2-211). 


ge Ne eee 92) "Range Scale" potentiometer (R-16). 


3)" "Puld-oue potentiometer (R-12). 


Ma . gee | <“h) VRD Calibration" potentiometer (R-lj1). 
os “fl Dee “SEE “ ~- §) six control points. 


a oe - “2 oe Two terminals:: "Out. D" and "Out. VRD", which can be used » 
aa Oe eee to check the comparator and oe channels in the aircraft or in 


the’ absence of VRD~2A. 


ee eee Ohaus aie osmnasted 2o-tne intermediate cable of the odes with - 
vit the aid of a cable. on to: the comparstet) terminated ie a ar 
SO als. en plug — 2RM. 
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XI. Control Instrument (KPK) 


90X1-HUM | 


4 / 

3 50. Function 

a a The control instrument KPK is designed for measuring the basic - 
a - .:, parameters of the radar, controlling its circuits, checking range _ 

” . calibration, accurately measuring the range voltages in both modes by 
3 , . the compensation method, as well as for measuring pull-out range and 
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and errors in the comparator circuit in unit K-8. 


Sl. Technical Data 


_ 1. Voltage control: 


115 v, 400 eps _- (scale 300 v) 


+ 27 v ~ (scale 30 v) 

* 300 v | | (scale 300 v) 
+ 200 v . (seale’ 300 v) 
+ 150 v | | (scale 300 v) 
- 150 v  (seale 300 v) 


2. Current controls: - 


Receiver crystal current 
AFC crystal current: > 


Magnetron current 


: Ferrite switch current . 


4229 = 


wr 


__. Measurement accuracy for all scales is no less than © 2.54. 


2 oN ; 
(scale *50X1-HUM 
(scale 3 ma) 


(scale 3 ma) 


(scale 60 ma) 


Measurement accuracy for all scales is no less than ¢ 205%. 


_ SPN. . a 
‘27 The Control Instrument Provides for: a : 
. CO a. Manual gain control (MGC) ‘within limits of not less than 


0+ - 12.v in the "MGC" position of toggle-switch "AGC-MGC", . 


—_50X1-HUM __ 
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b. Manual frequency control (MFC) by changing the voltage in the 


= Wy in within limits of not more than - 80 v and not less 
an = 


20 v in the "MFC" position of oor reece MPC=APC!, 


.. The Control Instrument Calibrates the Following Voltages by the 





Comp ensation Method: 


ae fare voltage in mode "A" at the points: 500 m, 1,000 mM, 


4 »500 m, 2,000 m, 2,500 m, and 3,000 m. 


b. Range voltages in mode "B" at the points: 500 m, 1,000 m, 


1,800 m, 2,000 m 2,500 m, 3,000 m, 3,500 m, 4,000 m, 4,500 000 | 
"and 5,500 m. » Ss » 23 » 9 9 4» » 4,500 m, 5, mes 


‘Measurement accuracy is not less than ¥ 1m. 


52. Components of the Instrument 


_. The following components are included: in KPK: 


ae The KPK instrument proper (GN2.761.057.) 


be Ultrasonic calibrator UiKM~1. 
¢. ‘Two connecting wires with plugs. 


Gs Coaxial T-junction for connecting UKKM-1. - 


53. Description of the Operation of KPK According to 
| Schematic Diagram (Fig. 109) | 


= 


The control instrument KPK consists of two basic assemblies: 


| a. The control board, similar to RB6-PK, : 


b. The compensation measuring assembly. 


Description. of Schematic Diagram of Control Board 


The following set parameters may be checked with the aid of the 


A 230 7 
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i control. board: 


ae Voltage 


Ug 


F.K. 
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115 V; 00 eps 
+ 27 v | 

+ 300 v 

+ 200 v 

+150 v 

~150 v 


‘erystal current of receiver channel 


- erystal current of AFC channel 


magnetron current 


voltage proportional to range 


currents of ferrite switch 


; In addition, the control board provides for manual control of 
gain (NGC) and manual regulation of voltage at the klystron repeller 
in the AFC channel. | | 


The control board circuit consists of two functional assemblies: 


The assembly for measuring the parameters of the set, which in- 
“cludes the wafer switch "Mode" (V1l~11P2N) and instrument IP-1 "Mode" 
of the VA-l6 type. 


The assembly which provides for control of the set and consists 
of two toggle-switches "AFC-MFC" and "AGC-MGC" and two dividers, which 
_ dnclude the "Tuning" and "Gain" potentiometers. 


The parameters of the set are checked in the following manner: 


-- a) In checking the ~ 115 v, .the voltage passes from two contacts 
Sh-1 of KPK through resistors 23; Rl and crystal diode D~l, under- 
going half-wave rectification, to wafer switch V-1 (a) in position 
t~ 115 v" and thence through instrument IP-1 "Mode" to V-1 (b). From 
wafer switch V-1 (b) the "~ 115 v" voltage is applied to contact 3 of 
Li . Shel of KPK. Resistors R3 and Ry are selected so that the full scale 
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equals 300 v. 


b5 The "+ 27 v" voltage is fed from contact SSh<1 to wafer 


S** 


switch V-1 (a) in the position "* 27 v" and through instrument IP-1 to 
- V-1 (0);" from the wafer switch, the "+ 27 v" measuring circuit is con- 
/ nected to ground through resistors Rll: and RLS*. Resistors Rll and — 

RL5* are selected so that the full scale of the instrument is 30 v. 


v) "+ 300 v" is fed from contact 16 of connector Sh-l1 to wafer 


switch ie (a) in the position "+ 300 v" and through instrument IP-1. 
to Val» b ° | 


From the wafer switch, the "+ 300 v" measuring circuit is con- 
nected to ground. through resistors 29%, RLO, and Rll. These resistors 
are selected so that the full scale equals 300 v. ~ 


g) ly 200 v" is fed from contact 15 of connector Sh-1 to wafer 


switch V-1 (a) in position "+ 200 v" and through instrument IP-1 to 


V-1 (b); the "+ 200 v" measuring circuit is connected to ground from 


Vel (b) through Rox, RLO, and xil. ( 300 V scale). 


ad) «("150 v" is fed from contact "11" of connector Sh=1 to wafer 


- switch V-1 (a) in position "150" and through instrument IP-1 to V-1 (b). 
. The "+ 150 v" measuring circuit is connected to ground from V~1 (b) 


through R9%*, RLO, and Rll. (+ 300 v scale). 


ye) "= 150 v" is fed from contact "13" of connector Sh-1 to 
wafer switch V-l1 (b) in position "- 150 v" and through instrument JP-1 


to V~l (a). From V-1 (a), the "= 150 v" measuring circuit is connected 


to ground through Rj, RLO, and R11. (~ 300 v scale). 


zh) "TK I" is fed from contact "8" of Sh=-1 to wafer switch V-1 (a) ; 
in position !IK I" and through instrument IP-1 to V-1 (bo). From V-1 (b), 
the TK I measuring circuit is connected to ground through resistor 


ReLot, This resistor is selected so that the full scale of the instru- 
-ment equals 3 ma. | 


z) mpK IE" is fed from contact "9" of Sh-1 to wafer switch 


 V-1 (a) in position. "TK II" and through instrument IP-1 to V~1 (b). 
From V-1 (b), the TK II measuring circuit is connected to ground 


through resistor::R-12%. (3 ma scale). 


a “TMS is fed from contact "10" of. Sh-1 through resistors 


Rel, R-2% to wafer switch V-1 (a) in position "T,M," and through in- 
-strument IP-1 to V-l (b). The T.M. measuring circuit is connected ‘to 


ground from V~1 (b) 
, ° = 232 = 
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3 ma. / 


From V-1 (a), "Wg" is fed through R5 to point + 195 
- i and R7. 


helwber of instrument IP-l remains at zero. At other 


_ ted so that the full scale equals 60 ma. 


_ accomplished in the following manner: 
_ toggle-switches Vl and V2, The dividers are designed 


meter R20 ne 





Oe 23 a8 
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a © 251 | Resistors R-l and R-2# are selected so that the full scale equals 


_ k) "Ud " passes from contact "7" of connector “h-l to wafer 
_ switch V-1 (b) in position "UJ" and through instrument IP-1 to V-1 (a). 


v of divider R8, .. 


“With a range voltage equal to + 195 v (range equal to eae the - 


ranges, the in- | 


strument measures the range voltage in volts (150 v scale). 
2) "RK" passes from contact "6" of connector Sh-l through re- 
'sistors R22% and R21 to wafer switch V~l (b) and through instrument 


TP=-1 to V-l (a). The current measuring circuit of the ferrite switch 
is connected from V-l (a) to + 27 v. Resistors R22% and R2l are selec- : 


Bes ” ‘ : N . 
Manual Gain Control and Manual Frequency Control 


“Manual gain control (MGC) and manual frequency control (MFC) are 


. Dividers RL6e, RL7, RL8, and RL9* are fed by - 150 v through 


so that a vol- 


tage regulated from - 30 to - 120 v is taken from potentiometer R17 
(MFC) and a ye eaee regulated from 0 to - 12-v is taken from potentio- 


50X11 -HUM: 
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- DESCRIPTION OF THE SCHEMATIC DIAGRAM OF THE COMPENSATION«MEASURING 
ASSEMBLY 


‘The circuit of the compensation-measuring assembly consists 
of four functional elements: 
a) Voltage dividers R-38 +R\7, from which a voltage 


proportional to the range is taken after each 500 m according 
_. to the laws © ie a Din + 
3 | Uaz 14S “Zo WY. 


- b) Voltage divider R23 + R37, from which a voltage proportional” 


| to the range is teken after 5 m oo to the law: 


Ud= l9s-22 
v) Voltage dividers R355-R a » from which a voltage | 


: proportional to the range is taken after 500 m according to. 


g) A compensation circuit, which consista of: 


? the law: 


ae two type VA-l6 "compensation" and "error" instruments. 
b. switches "+," "-," "On-Off," "Coarse-Fine." 
: ” Resistors R-61, R-62, R-63, R-66, R-67, R-68. 
fee "Error" potentiometer (R-6);). 
| ad. Voltage rectifier circuit for supplying the "Error" 


22 4 potentiometer. | 
ro ~_&%., & | . 50OX1-HUM ~ 
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SPN 253. 
A voltage proportional to the range, taken by "Range" 
| sattoh (V=l6) from divider R38-R47 is applied through toggle — 
sutton "On-Off" (V-8), and "set. mode" switch (V=5), located 
in position nav on "compensation" instrument (IP=3). 
| "Coarse-Fine" switch (V-6) is set in the "Coarse" position. 
Set voltage flows simultaneously to the instrument through 
| the "set. mode" switch in position "A" and through the "“Srror™ 
| fastrunent (IP-2). The needle of the 'Errort instrument must 
remain at cere. | 
If the voltage taken from the divider is equal to the set 
. voltage, the needle of the "compensation" instrument will 
also remain ab zeroes — | 
If the voltages being compared are not equal, the unbalanced 
voltage, which is set at the "Error" potentiometer, is determined 
by the "Error" sictrument: 
| Then, setting the "Coarse-Fine" switch at the "Pine" position, 
we determine the exact error » with the corresponding sign, directly 
‘by the ‘Error instrument. | 
The "Error" instrument measures the difference in the 
compared voltages fed to ib | 


The entire scale is 120 meters. 


=235 - 
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4. CIRCUIT FOR MEASURING THE PULL-CUT RANGE AND ERROR OF THE 


COMPARITOR CIRCUIT IN UNIT "K-8" 
| The determine the pull-out range and error of the seaperitan 
eircuit » it is necessary to connect "Output D" and "Output VED! 3 
in KPK with the corresponding terminals in unit "K-8." | 

The "calibration" tozgle watteh in KPK is set in the "ont 

_ position. | | | : 
~The "on-off" toggle switch is set in the "off" position. 
2 The "set-mode" switch is set in the "0" position. 

~ Lock on a target at a range of 1000 m, and turn on the 
2 tpuli-out' light by rotating the handle of the Sabsaticnete: | 

Read the exact value of the pull-out range on the scale of the 
— "Error" instrument. | 
Devii-oot «== = 100 mF D dnstrunant’s 
The full scale of the instrument is 150 meters. 

Having set the "set. ‘mode" switch at "C" position, determine 
the error of the compar ator circuit in an analogous manner 
according to wnathesvthe "Launch" light is lit upon locking on 

-a target at distances of 1,000, 2,000, 3,000, 4,000, and 5,000 me 

In this ee the full or of the instrument is 120 meter. 

In both the abovedesemusa measurements, the "Error" 
instrument is connected in series with the Spasentseanwe voltage 

circuits » | | | 

a 236 = 
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SPN 255 _ For fine adjustment of the VRD divider under factory conditions, 
“the "set. mode" switch has the technological position oN" 
(adjustment). a 


COMPENSATION CIRCUIT 





| | The compensation » currentless method of aeeeayine is used 
a Bo in this circuit. 

. 3 ‘It consists of the following: 

ao oe | . A "Compensation" instrument is acted upon by two volhages: 
a8 ae a : ‘on the one hand, the voltage taken from the divider, and on 
a | | : 5 =, - the other, the set voltage. 


wf these voltages are equal, it means that no current 


— = ere ster ee re marine we so —sepenr ate ee 
es —~ - eens were ee - Tape ™ sre : 4 . : 
we .* . 7 . ‘| ‘ = : a. 
5 . . « ft 
: . = “1 4 -- 


3 : Flows tuned the instrument, and its needle stays at zero. 


. a a If the needle of the instrument is deflected to one side 
' 


or the other, it means that the voltages being compared are 


not enue Then, setting the "Coarse-Fine" switch in the 


ont ee ee pen we te ee ome mee 
* * 1 ce 


: 

wd —_ a "Fine" pessusons we switch in the error-measuring circuit. 

Sf | ' In this case, "Error" potentiometer (Rh), which is supplied 
] a | | by. a rectified voltage of 305 v, is connected between the | 
bg instrument and the voltage taken a the set. 

: 4 | If the voltage flowing’ from the set is less than the voltage 
oe -¢, 72 taken fron the divider, then the ‘switch with the "error" Sign . 


must ts set in the "+" position. ‘Then the voltage taken from 


- the potentiomeher Will be added to the voltage taken from the — 





a 7 
7 a se “50x11 -HUM 
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set; the v i i | | 
Pena ° oltages flowing to the instrument are equalized by — 


changing ‘the voltage at the potentiometer. 


: SPN | 256. The voltage at the potentiometer is measured by the “Error! 
, | instrument, which is connected to the output of the "Error" 

“ - | = : potentiometer. 

: al . ee ; - For convenience in reading errors, the scale of the “EYTOr". | 

3 q | instrument is graduated in such a manner that the full scale 

a | : ‘Corresponds to 30 m in mode "A,", to 120 m in mode "B" and"'c, ; 

: 4 and to 150 m, in mode "0," | 

ct 


54. CONSTRUCTION OF THE INSTRUMENT (Fig. _ 111) 


Ths control instrument is made in the form of a table iediad 


: fan control located on top]. 


s ot 
Pe ey “ht ae - wee oe A i 
Me Pgs & at aon vee ot ea ge MORSE eas 
“- ee a A el et Ae ae, 
; canal _a 


i All the elements of the circuit are located on a ——s 3 
which also forms the front panel of the instrument. 
y i 457 The instrument has a removable housing with a lid; the 

lid is fastened to the housing by two "phonograph" type locks. | | 

There is a handle on the side of the housing for convenience 
in carrying. 
“There is a section in the ietis for: | 
| a) Ultrasonic line UKKM-1, which is fastened to. the 
| 7 housing by two screws; | oe | 
ba coaxial T-joint; 
v) two leads with plugs: 
coe g) A KPK instrument cable; 
‘ ~ 238 
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-The face panel is attached to the housing by four screws. 
al fontrols are located to the left on the face panel and 
_. include: | | | | 

ciate 5 a) A type VA~6 "Mode" instrument. 
. 4 Sa b) "Mode" wafer switch. 
ag v) "Gain" control. 

g) "Tuning" control. 

d) "NGC-AGC" switch. 

e) NAFCHMFC" switch. 

A measuring attachment is located to the right on the face 

panel and includes: 


ae A type VA-46 "Compensation" instrument. 


4 b. A type VA-l6 "Error" instrument. 
4 ve "Range" (in meters) wafer switch. 
4 | Be "Set Mode" wafer switch. 
of - : - ds. "On-Off" switch. 


@. "Coarse-Fine" switch. 
the "EH NH HO switch, 
2. "Error" control. 


i. "Calibration-On" switch. - 
= BI = 


ee o> 
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a) Submodulator 


b) Blocking oscillator 


v) Cathode follower 


g) Modulator 
d) High-voltage rectifier 


¢) Discharge tube firing rectifier 


High-frequency receiver-transmitter device | 
| a) Function 


b) High-frequency device 


v) Magnetron oscillator 


g) Schematic diagram of high-frequency head 


d) Design features of high-frequency head | 
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_ V. RANGE-ONLY RADAR RECEIVER UNIT 


Function of unit 
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4 a) Trigger miltivibrator “16 
iC b) Fast Sawtooth generator 118 
4 | / Vv) Slow sawtooth generator 127 
; g) Comparitor circuit 130° 
4 a) | Range pulse generator | 136 
4 _ ¢@) Time aieawiaante: 139 
4q zh) Gontrel unit (double generator) 151 
4 Z) Autonatic locking device 163 7 
4 k) Constructive design of the unit 17 
“4 VI. RECEIVER | a 
: Seales Purpose and mak¢-up 172 
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3 | according to functional diagram 172 
2 “+. ' 95, Function of if amplifier | 17h 
q 26. Description of if preamplifier according to 
a - schematic clegram 175 
4 5 Main if amplifier 182 - 
. 28. Detector - 18h _ 
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31. Receiver noise AGC 191 
iene pulse AGC LOT | 
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ane Description of the operation of the unit 
according to functional diagram 236 


48. Description of the operation of the unit 





according to schematic diagram — 238 
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XI. 50. Function | | — 2h6 
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‘ Nomenclature of Elements 












State National Basic 


Design. Normal Drawing & _-Name and Type Rated No. . Note 





R2-1  UBO467 O1STU. Resistance ULM-0.12-220 Ohm-I 220 Ohm_—s 1 





S | 


-2. UBO 467 019TU -°. Resistance ULM-0.12-3.3 kOhm-I 3.3 kOhm 1 





Ww 


2-3 UBO 467 O1STU Resistance ULM-0.12-2.7 kOhm-I - 2.7 kOhm 1 





R2-4 —-US0 467 O1OTU . : Resistance ULM-0.12-3 kOhm-I 3 kKOhm) 1. 





ye 


2-5 UBO 467 O19TU _—Ss- Resistance ULM-0.12-220 Ohm-I 220 Ohms 1 





Ww 


, 
* 
3 st 
. . 
‘ 
-- + 
‘ r . 
: : ° : 
' : 
_ * : 
> ‘ 
* . 


2-6 | _UBO 467 O1OTU-—S Resistance ULM-01.12-4.7 kOhm-I 4.7 kOhm. 1 





R2-7  02h0467 003TU =—S— Resistance MLT-1.1.5 kOhm-I 1.5 kOhm 1 





~R2-9 =  02h0467 OO3TU Resistance MLT-1-1 kOhm-I 1 kOhm I 


R2-10 0Zh0467 OO3TU Resistance MLT-1-43 kOhm-II-B 43 kOhm 1 


R2-12 0Zh0467 003TU Resistance MLT-1-10 kOhm-II-B 10 kOhm l 


/R2-13  OZh0467 003TU Ss Resistance MLT-1-47 kOhm-II-B 47 kKOhm 1 





R2-14  0Zh0467 OO3TU -.. Resistance MLT-1-68 kOhm-II-B 68 kOhm 1 





R2-15  0Zh0467 003TU ~—S— Resistance MLT-1-220 Ohm-II 220 Ohm 1 





; 


‘ae OZh0467 003TU Resistance MLT-1-4.3 MOhm-II-B 4.3 MOhm 1 





R2-17 0Zh0467 003TU- —Ss Resistance MLT-4.3 MOhm-II-B 4.3 MOhm_ 1 
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Nomenclature of Elements 


¥ 
5 ‘ ‘ 





State National ) . Basic 
Pos. Standard, VTU | Data 
of \gn. Normal Drawing _ | Rated Note 
R2-18  0Zh0467 003TU —=—s Resistance MLT-1-4.3-II-B 4.3 Mohn 1 % 
R2-19 _ 02h0467 OO3TU. - | Resistance MLT-1-4.3-II-B 4.3 MOhm 1 © 2 

~R2-20 = 0Zh0467 OO3TU ~—S-—sRResistance MLT-1-2-kOlim-II 2 kOhm 1 _ 

R2-21  02h0467 OO3TU Ss Resistance PEV-10-3-kOhm-I1 3kOhm 1 | 
R2-22.  0Zh0467 0O3TU = Resistance MLT-2-1MOhm-II-B 1 MOhn ol ee 
R2-23  0Zh0467 003TU Resistance MLT-2-1MOhm-II-B 1MOhm 1 oe te 
R2-24  02h0467 003TU = Resistance MLT-2-1MOhm-II-B 1 MOhm 1 | 


SLL eer perenne 
R2-26  0Zh0467 003TU Resistance MLT-2-100 Ohm 100 Ohm 1 on 

RR 
/R2=28 020467 003TU Resistance MLT-1-1kOhm-II 1kOhm ol | | 
R2-29 0Zh0467 003TU == Resistance MLT-0.5-100kOhm-I 100 kOhm 1 , 


aie ot os , Ss i 
: | 
.4 . * . EA . . ¥ 3 





R2-31  OZhO467 003TU Resistance MLT2-240kOhm-11-B 240 kOhm 
R2-32 OZhO0467 003TU | Resistance MLT-05-2.7 kOhm-II 2.7 kOhm_1- 
R2-33 OZh0467 003TU Resistance MLT-2-12-kOhm-II-B 12 kOhm 1 
ro MEnOESA OO3TU Rezispuncs MLT-0.5-100 Ohm-I 100 Ohm Le 
oe Ty a 4a fee at 
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‘State National | 
“Standard, VTU 


Pos. | 
Design {Normal Drawing 











) 7 
Rs-35  |OZhO 467 003TU| 
| R2-36 a 467 aie 
R2-37 jozno 467 003TU| 
eae : 
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MLT-2-1.2MOhm-II-B'1.2 MOhm 
MLT-1-4. 3MOhm-11-B 4.3 MOhm 


Resistance 





Resistance 


| 
| 
Resistance MLT-1-4, 3MOhm-II-B 4.3 MOhm | 1 3 
| re 
Resistance MLT-1-100kOhm-II-B '100kOhm | 1° po 
Resistance MLT=1-8200kOhm-I1-B820kOhm | 1 be 7 
: | 
7 
Resistance MLT-2-240kOhm-I1-B :240%Ohm | 1 | 
Resistance | 1 


MLT-2-220 Hom-II-B |220 Ohm 






Resistance MLT-1-2kOhm-II 





Resistance MLT-0.5-3,9-kOhm=I13. 9kOhm i : 
Resistance MLT-0.5-3.3-kOhm-113.3kOhm | ] | 
Resistance MLT-0,5-220-Ohm-II '220-Ohm | 1 | 
Resistance MLT-0.5-30-kOhm=IIB30-kOhm | 1 | 

| | | | 

| : — 
Resistance MLT-0.5-220-Ohm-II 220-Ohn | 1 : 
| | 
| 
Resistance MLT-0.5-3.3-kOhm-11'3.3-kOhm | 1 
Resistance MLT¢0.5-100kOhm-11B100-kOhm | 1 | 
Resistance MLT-0.5-220kChm-IIB220 kOhm | | 
| Resistance MLT-0.5-1MOhm-II-B |1MOhm 1 P| 
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OZhO 1,67 003TU | Resistance MLT-O, 5-12-kOhm=-II=B 12 kOhm — : 
= 020 1,67 003TU Resistance MLT-O, $-39-kOhn- II-B 39 kOhm pap : 
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C2.52 i 462 OLITU “Capacitor BGM=L-},00-0,01=II 
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~ O2ho 462 OlLTU ‘Capacitor BCM-2-],00~0,01~II | O.0lpfe: | 2 
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2-59 =m UBO 1,60 oo2TU ; Capacitor KDS~la-1000-IIT 2000 an 
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| | oe = 25); ~ | 
- SECRET i 





: oO | . ~~ 50X1-HUM 
paciassiied In Part - Sanitized Copy Approved for Release 2013/01/25 : CIA- RDP80T00246A030700180001- 1 


Boe gh 
poser a 


Peetesried In Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030700180001-1 
: 50X1-HUM 





| | | | | | Nomenclature of. Elements 
O » 4 State National | 
i des eo VTU, 


Norm4l Dea 2 


| iV 
-UBO > 6 eoeu Capacitor en 
5 UBO 1:60 O02TU {Capacitor KDS-la-1000-II! 


GUCh 777 OOLSP|Choke , Coil filament, De2 et 5 e 


GUCh 777 OO|SP] Choke, Coil filament,D<2 inst 5 ph 







iuevicn. in 






[2-10 | GUCh 777 OOSP Choke D-0.1-150 ch 5% 


= 


| L 
a wall GUCh 777 COSP 





Choke D-O.by-5 hts § | 





‘ 
erates Bites ees 9 terre essere: 
' 





| en 777 OOWSP} Choke D-0,1§-5.1 hts % Suh " | 
- 255 = | 
| 50x" -HUM - 


: Declassified in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA- -RDP80T00246A030700180001- -1 


Deciassitied in Part - Sanitized Copy Approved for Release 2013/01/25 : CIA-RDP80T00246A030700180001-1 | 


a NR 




















50X1-HUM 
Co | is, | Nomenclature of Elements tes 
a 7 4 | 
- pos, State National | i Basic e 
| desig. | Standard, VTU, | ‘Data 
: <a ‘Normal: ‘Drawing Name and Type : Rated No. Note ich! 


=e 


12<13 
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12-16 GUCh 171 00),SP ts D-0,15=5,1 bh =67 
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12-9 | VohTUO6-609-51 aceite MI~-158 
12-10 TS3-3);1-O00LU | Gas Rectifier ‘TKh-2 | 
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£2.22 cnt01-105-55 Tube 6N2P 






Feel | GUZ 51,0 OLOSP | Plug-and-Socket, RF, VR<10 © 







F2~2 | GYaZ 5),0 018 |Plug~and-Socket_ Transition 
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MLT“1=9«1 kOhm-I 


MLT-0,5=3.3kOhm=I _ 


MLT~O, 5~22kOhm<I 


MLT-0, 5~680 Ohm=J 


MLT-1-1.6 Ohm-I 


MLT-0O e S~))3 OkOhm~I 


MLT=0,5-680 Ohm-I 
MLT-0,5-220 OhmeI 


MLTol~2280hm-II 


_ @ 262 = 


i 





| 3.3kOhm) 1 
f ' 


| Basic 
| 
Rated 


Note |cn.| 


3. a +-F 


220 Ohm! 1 


f 
i 


! i 
22 kOhm | 1 | 


Resistor, MLT+0,.5=5,.1k0hm=-I Selo 1 Yt 


} 
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P-3-35 lomonyer-oosr | 










“a | ob ! 
q _ & ? B-3-37 ano-\sr-cosu Resistor, MLT-1-33k0hm-II 
| R=3-38 [OZhO-1,67-003TU Resistor, MLT-1<15 MOhmeII 


jl | | OZh0~};67 —-003TU Resistor, MLT-leS5,IMOhm-II 





















«Re Beh 0ZhO-)67-CO3TU ss Resistor, MLT-1+12MOhmeIT 
4 2 OZh0~),67-003TU Resistor, MLT-l-910k0hm-II 





0Zh0~),67~003TU Resistor, MLT-le20k0Ohm-II 


Rm 3—)1) bzno-467-00370 Resistor, MLT=1-62kOhm-II on 1 
: | | BSL? anos co3ty Resistor, MLT-1~510k0hm=IT [poco fa} f 
JO fi fiawom fame asomens pal | 
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0Zh0-=1,;67=003TU 


[RH3-57 |  wPha67 5~00),SH- 


B3a88 | VPl=675-00))SN Resistor, PT=0,5=2 kOhm?1% } 2am | : 


Fo3-59 | VPl;-675-O0SN Resistor, PT~0,c5-1 kOhmtl% | yom ‘ip | 





| 


. [R360 | | NGKh),~685=-O18SP dink: “PR3.TI=20k0hm-iI {20kOhm {2 





NGKhI,-685-CL6SN Resistor, PP3=II~10-kOhm=I 





me 


a a | 
R=3=66 | [VFl+675~COLSP Resistor, creme 68cm | 


§ 
4 
| 
© | R-3-67 | OZhO-),67-CO3TU | 
eiimeeon 


R=3=68 | 0ZhO~1.67=CO3TU ‘Resistor, —" kOhm={I 2a kOhm =D 


conan ear beaten toy 


etfs Sy BP ne diy eo, we a tema Pie A mt | YO ty Mee ft te a 


Resistor, Mn-1-15 kOhm-T hs kOhm 1 


| 
fLokonm A. | 7 
| 
| 
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Ra3=69 OZhO-1,67=003TU Resistor, MLT=2-);,3 kOhm-l 1,3 kOhm 1 





_ Re3+70 OZh0-1,67~003TU Resistor, MLT~1-560 kOhm-I 560 kOhm 1 









































: ‘Re3e72 G¥alim675=009 Resistor, PT=I-P=82 kOhm=0.5% 82kdtm 1 
: - -Ra3=73 GYah-675~-009 Resistor, PT=IMe82 kOhmt0,5% 82 kOhm 1 | . 3 
: Ru3=7); OZhO};87-603TU Resistor, MLT-T=-680 kOhm-II 680 kOhm 1 - | 
_ Be3-75, VPls~675-004SP . ~ UT-=1-30 kohmt2$ 30 kom 2 — 
7 Re3=76 OZhO-1,67-003TU = ™ = MsPeT~10 kOhmeII 10 kOhm 1 : 
RTT. _* ae w - MLT=1-2 kOhm-IT 2h Otm a: . 
R378 om —  METeT=10 KOhm=IT 10 kOhm 1 ; - 
RBG " MLT=I-2.), kOhm-II 2. kOkm 1 : 
R360 to MLE-I-39 kOhm =II 39 Ohm 2 
Be3-8L tt © —-MUTeI-100 kOhm-II 100 kOhm 1 - 
R-3-82 28 © MT-T~100 kOhm=IT 100 kOhm 2 
4 | R383 a MET-T-68 kObm-IT 68 Ohm Lo 
‘R385 © MLT-T-100 kOhm-II 100 kOhm 1 
| = 265 = 
BWrry rae 
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VEN ONS ge a atica hb faye A get, eat Rag" +4, nfs “yrs, oT i gigs ee Tart hee, i yr ae gett 
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List of Elements 
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R=3=86 OZhO-1,67-003TU Resistor, MLT-I-100 kOhm-II 100 kOhm L 





R387 n MLT=-1-68 kOhm-II 68 kOhm 1 





R=3=-88 - " MLT=0,5~1.2 kOhm-II 1.2k0hm 1 _ 
Re3-89 0 nt MLT#1-5,1 kOhm-II 5.1 kOhm 1 a 


Re 3=9O ae - MLT=I=);30 kOhm-II },30 kOhm 1. 


: nena neat ee eee ' 


So tt MLT~2=20 kOhm-II 20 k0hm 1 


+ & js 
. ; . 
4 s 


O 


-*  Re3e92 —  W MEPST=3,0 KOhm-II 3.0 kOhm 1 
Oo ReBa93  # MteE-§10 kOhmeII 510 kOhm 1 : 
: , ” SP. Ys ; rhs . : . 


R-3=9), " _ = = MLT-I-3,0 kOhm-II 3 kOhm 1 _ / 


7 R-3-95 _ _ 2 MLT-I-2,0 kOhm-II 2 kOhm 1 


i u MLT~2-100 kOhm-II 100 kOhm 1 


a , ‘ 
R3-98 MH  MEPAT=220 kOhm-II © 220 kOhm 1 
(a sa cE SE PE RC nets aneimes aceite S 
R3-99 8 " = MLT-I-S10 kOhm-II S10 kKOhm 1 
R-3-100 8 "  -MET=2-22 kOhm-IT 22 kObm 1, 


R-3-10L 0B 7 MLT=I-100 kOhm-II 100 kOhm 1 - 
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-. Re3-102 0Zh0-1,67-003TU Resistor, MLT=I-200 kOhm-II 200 kOhm 1 





‘R-3-103 . n MLT=#I-100 kOhm-II 100 kOhm 1 





Re -10h, " | ? MLT-[~132:kOhm-IT 13¢kOhm 1 





te R- 3-105 , it n MLT-I~-1 0 kOhm-IT 1,0 kOhm 1 


io) ReBW106 8 n  MLT=I-820 kOnm-II 820 kOhm 1 





ie _Re3-107- tw r MLT-I-68 kOhm-II 68 kOhm 1 





a. | Re3-108 eo MLT-I-100 kOhm-II 100 kOhm 1 





SO Re3=209 T4839 KOhm-IT 39 Ohm 1. 





R310 : t  MET<I=S10 kOhm-II S10 kOhm 1 





? Re3eLL1 tt: tt MLT-0,5=12 kOhm-II 12 kOhm 1 


| 


i 





Re3eL120 © MUP-T-S10 kOhm=II S10 kOhm 1 





R-3-113 NGKh=685-018SP =" = PP3=II=20 kOhmeII 20 kOhm 1 





R-3-11), 0Zh0-67-003TU "- MiG-Zel,1 kOhm-I 1.1 kOhm 1 





R3ellS 0h - MLPT~300 kOhm-I 300 kOhm 1 





ORBLE ".  MEP-T-2,0 kOhmeII 2,0 kOhm 1 
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Re3-118 OZh0-l67-003TU Resistor, MLT-I-1,0 MOhm-II 1,0 MOhm 1 





wy, Re3-119 Resistor, MLT-I-150 kOhm-I 150 kOhm 1 








: R-3-123 8 : ni MLT~{el.O MOhmeII 1.0 MOhm 1 





7 ReBe2y " - MLT*I-300 kOhmeI 300 Ohm 1 





© ReB=125 ce i MLT#I=27 kOhmeZ 27 kOhm 1 





R-3-126 | "  MLT-I-560 kOhm-I 560 kOhm 1 





pepo ‘© ~~ METAT-200 kOhm-I 200 kOhm 1 





- RuQu128 i  &  MLT-I-200 kOhm-I 200 kOhn 1 





 Re81290 ms MEPATOG,8 KOhmHT 6.8 kOhm 1 





Re3-131 0" 0  MEPOG-100 Obm-IT 100 Ohm 1 





R-3-133 0 —  &  MEP-0,5-17 kOhmeII 4? kOhm 1 





R313, ™ MEM T=GL kOhmeIT Sl kOhm 1 





R-3-137 5 §  MET-T-82 kOhm-IZ > «82 kOhm 1 





R-3-138 v | t -- MUT-J-6.8 kOhm-IT 6.8 kOhm 1 
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~ Re3~11,0 it nu  MET+I-68 kOhm-II 68 kOhm 1 





R=3—lL)1 . m MLT-I-3.3 kOhm-iI 3.3 kOhm 1 





R=3-1);2 | i ir MLT~I~S10 kOhm-II 510 kOhm 1 








| vs ee “C3=5 .TU+I-0Zn0~},60-001 Capacitor KD0=la-1000 L000 pf 1 





' C3eL 8 _ KOl-N-1000-IT " L 





C32 TU-I-0Zh0~},60~001 : KDS-la=1000 . 1 





C3-3. | t tt tt wv 1 


’ 
; : : i ‘ ; 
> . ' 
. : - - 
ae * 
‘ 
*~ 
* a 
: < 
- 
«- 
* “. - : ri ‘ 
2 . ‘ - 
: 1s 
‘ 3 oom 
: : . < ‘ 
, . i 
7 ; “ e . 
. Oe . : ae 
- 9 - ‘ : : . 
' : : . “ 
. - 7 ” +, = "i . \ Ss o4 
es . ‘ ". . 2 4 tee 
3 - * ; 


— C3 —) Le | th tt n 1 


' 
- ¢ 
. 
' 
. 


C3=7 tt tt it 1 





03-6 © TUeT-0Zh0-),60-00. §" © KOelaelO00-ITi™ ti 





C38 oe 4 . KDS=1a-1000 oe. 4 L 





639 tS n ok 1 





C310 i KDS-la-1000 . m4 


* 
1 
“3 2 
a oe 
; é 
' 
- 
’ 
+ 
7 1 : * 
« 


C3<11 ‘Tho tt tt ee ot : 1 


. _ 
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*, €3n12  “Tu-T-07h0-460-001 Capacitor, MS-la-1000  1000pf 2. =. 


C3-23  UBO-62-017TU = BG T-T-1-680-V 680 pf 1 


. 
ie . 
- a * 
‘ 2 ‘ - a 
EARS curva esrstsses frsos i vonuneipapmntouetisasusiasnissteseasmammen * - , 
. * 
. 


C3-14%  TU-I-0Zh0-460-00 #+” KDS-1a-1000 1000 pf 2 | : 
: ro , a. 


03445 u n n + . t 2 ee 
. a . 
- | $3026 | ct 7) ft tt. 1 eae. 


C3-17 UBO462—917TU . n oN | [oe 1 


C318“ TUaT-0zhO-460-00 ®t 1 7 
C3-19.  TU-I-02h0-460-002 Ha S.: @ hk. oe 


03-20. | t | | | 1 | | n ‘ “ 1 


‘ * : . . = . 
\ 


C3<21 mo re ee n Hy | 
C3-22 TU-I-OZh0-460-001 Ss" a n 4 


C3-23 ° OZh0~60~014TU " sd KTK-lm-5 pf-I 5 pf -1- Select, 


scicielhOnilhtOhiehaaeahacsiighcaeasestinensodiseeiessiasainbaniecicaansinna ae 


| | oBea _ TU-I-02Zh0-460~001 " KO0-1k-22 pf-II 22 pf x | 
: . s ; 


C3~25 eaaanacueaee 1 KDS-la~1000 «1000 pf&_-—s 1 


°C3-27 OZhO-N60-04TU tt ae ae UC 
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3-28 oZhO-H62-01270 Capacitor ,EG%-2-400-0.01 mf 0.01 pe 1 

C3-29 22s | " BGH-1-H00-0,01-II 0.01 xf 2 7 
03.30 me : ; : 1 7s 
C331 TU-1-0ZhO~¥60~001 "  ——-KhOw1-I-2000-II 1000 pf 1 ne 
sshntintnnceiedRiciunaradeieniamannaiceinn cuca oe! 
C3=32 OZhO-N62-01090 * «—BGM-24400-0,01-IT 0.01 pr 2. 


* 
‘ 4 , | 
3 4 


C3-33 0Zh0-462-022TU n eee eee 0.5 pf il go 





C3~34 — OZh0-462-021TU oo. BGA-24400-0301-T1 O.0l pf 1 





8 egagg oe | 1" Hg ; ti 7% 





C3-36 oN 7 | n . on " 1 





03-37. OZhO-462-022TU i (itis MBGE2-200-2X0.5=II 0.5 pf l together 
| ek | | es with C3-33_ 
3-38 = 0ZhO-462-011TU «= "= BGM-2-400-0,01-II 0.02 ye 1 - 
’ = . . ; 
C3-39 | OZh0-462~022TU  "  MBGP2400-2 0.1-IT 0, 2 ye 1 together 
| | , | . C3— 


C3-40 =—-OZhO-4E2—-01NTU BOM-2-400-0.0lmf 0402 je 2 





C3HL BGM 2H00-0.05-IT 0.05 pf 





4 
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a aD RR CIOER ae ree og ca cee eee eee ; é : 


a C343 OZhO~W62—0LNTU Capacitor, BGM-2-400-0.05-II 0.05 mf 2° 4 
Deo eee "  'BOM-2~400-0,01-II 0.01 mf 2 " 


a 
ie . : . 
ee oe Vi 4 : . ; : 
“3 a . - . . 
09 ry - 3 

Fe ° 

. ¥ 
+ 


C3645 nol on . n | n 1 








, < C3 HG - 4 . - “A. 4 7 a ao 
A eg cert’ a "  KTK-3m-250-I 150 mE Lt 


(03-50 OZh04462-022TU n PEGP-2100-2X0.1 O.. mf 2 


7. @B-5L UPOAG4-005TU § KS-24500-680-Ts-I 68 pf 1 3 ee 

3452 OZh0-462-022T0 © MBGP-2-400-2 O.24II 0.1 uf l together “2.” 
nn EHF 50 
4 03-53, UPO-464~0057U " KS~1-500~-0-100-II 100 pf =. eae 
; C3-54 = OZhO-HE2—010TU BGM2H00-0.01-I 0.0L mf& soli et” 
i eS BOM-2-400-0,01-II 0.0lmfl = | 


03-57 UPOM6-005TT ss KS-1-500-0-200-I -200 pel 





03-58 = UBO~NE0~016TU ; . KIN-1-D-100-II 100 pf 1 





e = ‘ as 
ob. m , 
fv QT Q— om OF , : 
: 7 sa * ott EN OT 
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C3-59 - OZhHO462~022TU Capacit)r, MBGP-2400-2 0.1-II 0.1 mf 1 together 





- (3-60 ~ oZh0-H62-013TU " _ BGM-2-100-3300-II 3300 pf 2 





C361 ‘-  * " |" EGM-2400-0,01-II 0.0L mf 1 
C362 . UB0-460-016TU " | KINel-D-l00-II 0.0lmfo 1... 








} 
3-63.  .0Zh0-462-0.1TU " | BON-2400-0,01-II O0lme 12... f | 
| Oe a ee oe 








C3=64 OZhOWN62—02:75 a MBOP-2-400-2 0.1 mf 0.1 mt 


GEO : oahoWe2-011'3 " | SH-2-1100—1500-17 .1500 pf a1 








ae oo \ | 
03-66 : | e \ " i IM-2+400-0.01-II 0.01 mf i 
a | | 


C3-67  — OZh0~462-022TU | 4 | 9P-2-200-2-11 2 mf 1 
\ | : i 
ao ; 





C3-68 Panam . | ‘~1-L-100-I1 100 pf a. 


j 
* 


it Ei 2400-0. Ol-II 0.01 mf aed 








63-69  OZhO-H62-012TU | 








C3-70 UPON6L-OOSTU | " RE 4 -500-200-II 200 pf 4 


t 
2 
> 











| 
i 
| 
| 
| 
| 
i 
| 


4 
} 


Bi mt cereanane Q.1 mf 1 together 
With C3—59 


10-P—680-N-I 680 pf =o1 


C3-71 © “OPnO-62-0220- 4 


( 
i 











C3-72  UPO-NG4-005TU, | MKS le 
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C3-73  OZhO~HE2~02270 | '®  MBGP. <4 200-2 0.5-I8 0.5 nf 1. 
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C37 — OZhOHE2-022TU Capacitor, MBGP-2-200-2 0.5«II 0.5 pe 2 






































C3-75  OZh0-462-010T0 =§ «"—sBOM2-400-0.05~II 0.05 pe 1. 
- C3=96 | i" | n n n 1 
03-77 ‘UPO6-005TT KS~1-500-0-L00~II 100 pf 1 
3-83 OZhO-N62—022T0 MBGP-2-200-1-TI pf 1 
03-85: OZhO=462-011TU- n BOMA2~H00-0,05-II 0.05 if 4 
63-86 n a. al 0.05 mf 1 
03-87 OZhO~HE2-022T0 MBGP-2-200-2x0,05~II 0.05 mf 2 
03-88 Ho om | " together 
a . oi with C3-87 
(“In3el—-ARSO=2-52-000 . Filament Choke 046 pia 1 | 
1-3-2 n° 7 | 7 % " ~ % " 7 
, E35 on - 4 | a " | 2 
L3H ar mo . 4 1 
e oEe9=5 2, ON ° | | . Oe F ae 
, _ - . _ | , — go ———— saat 
W386 " . = oS ee ae | 
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Pos, Standard, VTU, a Data a 
Desig. Normal Drawi Name and T | Rated __No. Note Ch. 
oo (G1L77-003SP Filament, H-F-D01520 mh 20 mh 2 | 
13-8 | - a ok 8 | n : ae 
a :. « 
—. <9: .  « - 
13-2 to -Ch0-0110-355 Radio Tube 6Zh1P 1 ; 
| . . | ns i ; : : | . 
_ B33 EfTUO-110-455 = 6zn2P 7 — c 
eb — ) 0 - 7 am 
| . : 13-5 ChTUO-120-355 . 1zhlP. i 
- 13-6 QuT00-320-355 om 6apaP 0 
I-70 TS3-301-000TT «tit 6Zh3P . a 
13-8 =, TS3-301-000TU _ " 
13-9 ChTUOI~104-55 | 6mn2P oa 
13-10 | 1S3~301-000tU=1 - n | 62n3P | : ; a. 
1-1 EfyTveL-105-55 n 6Zn1P / 2 . as - a ae 
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) Pos, Standard, VTU, , Data | 


| Desig. Norma Drawing Name and Type Rated No, Note Ch. | 
| 13-12 ChTU-021-855 Radio Tube 6Zh2P i | 
L3 #13 TS3~301-000TU~2 . .6Zn3P |  « } 





Be Gptuoazo4ss5 = zn c 
“. Igelg -cyruomesss "Sz ee 





13-16  TS3-301-000TU-2 "= 6Zh3P . & , 2 





13-17 (fruowH0ss " = 62hep eee, 
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~ 1B-19-—«TS3-301-000TU-1 "= 6 ang a 4 





eo "0 : 2 





©1323 pvonnosss = GmeP os 
O 13-26  Cyrv0131856 2 ae i 6Zn1P . 3 - - sae 
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13-28 }TU0131556' ——-Radio Tube 6D6A_ tt, 

4 : ae : tr-3-1  -@¥alv770013SP- Transforrer, H.F. ae 

Mo, Tre3-3 i" | = nee * ay? ie 

T3544 ’ a. | 1 | eg 

>) _ 7 Tr-3-6 —GYah-710-025SP Filarent Transformer | / n 

a0 | Tr3-7 | GYat720-006SP Pulse Transformer , 4 n 

, an ca - ARSO-2-54-000. Filtering Cell =| < 

d 7 BaBo5, on — . ; % 
«193-1 G¥a2=066-012SP Line of Delay = (eSti( peee, 4 

3 | 7 | Sh3-1 AR50-032-012SP | _ Intra-cell disconnector 4 on 

a --Sh3-2 —-VNO364-0064TU Plug _R4SPK2SEN2 fe se | 1 

4 | Sh3-+3 : " - x . _ Socket R32PK28EN1 | en 

q | R31 = _ : % Relay RMUG RS4~523419D1 RSO4W520P2TU | : 

_ R3-2. | = 2 2 «  « — | 3 a 

Qo. R3-3 ‘<4 ow . ee, - | = 

j RB : IRM-3-2 sb02 Coaxial Cable Socket Ft 
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Desi Normal Drawt | Name ard Rated No Note Ch - 
hile mondiasedicnule ee a | 


‘PHL 0%h0-467-0170 ‘Resistor, PEV-10-10 kOhmi10% 10 kOhm 1 
7) he? —02h0-467-003TT =” ME-2-39 KOhm=-P-V 39 kOhm 1 
R43 — 0Zh0-467-003TT 8 MLT-2.39 KOhm=P-¥ 39 kOhm 2 
RAY 0Zh0-467~003TU n MLT=1-390 kOhm=P-V 390 kOhm 12 
( Raes 0Zh0467-003TU "  - MET-1-390 kOhm=P-V 390 kOhm 1 
R 4n6  BP4o675~001SP " PT-1-91 kOhmg]¢lw 91 kOhm 2 
Rue? BPH~675-001SP "  - PT=1-68 kOhm21% lw 68 kKChm 1 
 RAe8)  NRKhH~685-018SP , PPZ~11-10 kOhmtl0 10 kOhm 1. 
_ | B49 BPla675~0015P " - PP#1-56 kOhm21% Iw 56 kOhm 1 
- : "B40 0Zh0~467-003T0 Ho MLT=510 kOhm-P=B 5510 kOhm 1 
| R41. 02Zh0-467-003TU itt MLT~1-39 kOhm-P-B 39 kOhm 1 
R42 0Zh0-467-003T0 ; " MLT~1-390 kOhm-P.B 390 kOhm “2 
R423 BP4-675-001SP 7 a PT-1-100 kOhmt1% lw 100 kOhm 2 
Rbols BP4A675-0018p " ~—= P68 kOhmtl Iw 68 Kohn 
R4A15 NGU-685-018SP "  PP3=21-10 kOhmt10¢ 10 kOhm 1 
R416 BP4-675~001SP " — Plw1-82 kOhmt1¢ Iw 82 kOhm 1 
R417 0Zh0-467-01170 — -" PEV=10-10 kOhmt10% 10 kOhm 1 
R418 0Zn0-167-003TU =" MET-2-39 kOhm-P-B 39 KOhm 1 
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q € ; State National mast of Cierents 
q Pos, Stgmiard, VIU, , 0% | : oe 
4 Desig. Normal Drawing Name and Type Rated No. Note Ch 
d 7 2 4 6 ee 
4 2 4-29 02n0-467-003TU Resistor, MLT-2-390 kOhm-V-Ya 390 kOhm 1 
4 ee R 4220 0Zh0~675-001SP n PP ~1-130 kChm=1% lw 130 kOhm 1 
: | | R 4.21 NO4685-018SP) GN3=12-10 kOhm=1% lw 10 kOhm 1 
q _. R 4-22 BP4-675-001SP 9 "= PP=1-91 kOhm=14 Iw = 91 kOhm 1 
RB 4-23 0Zn0-467-003TU =" = = MET-2-39 kOhm-P-B 39 kOhm 1 
R424 02n0~-467-003TU " = 39 kOhm 1 
R225 07h0-467-003TU "=~ MET-2-39 kOhm-PB 39 kOhm 2 
R426 02n0-467-003TU "= MEP=2-390 kOhm-P-B 390 kOhm 1 
_ | R427 0Zh0-467-003TU 8 " ” 390 kOhm 2 
; RB 428 BP675-001SP PT-1-30 kOhm=1% lw 30 kOhm 1 
j OR 4-29 BPlW675-001SP n PT-1-75 kOhm=1¢ lw 75 kOhm 1 | 
4 RB 4230 BP4-675-018SP "= PP3-211-10 kOhm™1%_ > «10 kOhm 1 
q R431 BPH675-001SP  "—— PTA1-35 kOhm=1Z lw 35. Ohm 1 
4 R 4232 020-467-0370 «= "= MET-2-3,3 kOhmeI“B 3.3. kOhm 2 
_ B. 4233 0Zh0-467-003TU =" = MLT-2-520 kOhm=P=B «50 kOhm 1 
4 4-34 OZh0467-003TU =" = MET“2-100 kOhm-P-B 100 kOhm 1 
; -Royg5 a "  MUT-1-910 kOhm-P-B 910 kOhm 7 
‘ R436 8 " MLT~2-39 kChm-P-B 39 kOhm 1 
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« 
» 


tf . - . 
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-0Zh0~462~01.TU 


0Zn0-462-022TU 
OZh0-462-011TU 


State National 


Standard 5010-53 | 
n a 
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Basic 
. Data 


4 C | | List of E) ements _ 


Desig. Normal Drawi Name and | Rated No. Note Ch, . e 
ee 2 : yb : 6 ang, @ 


nen eet i Daren nee ba 


_ 02h0~162~022TU. Gareaiten, MBTP-2-600-2-II_ 2 pf 


MBGP-2400-0.25=IT 0.25 pe 
MBGP-2~400—-1(50)-II 2 fe 
MBGP-2~400—8.25-II 1 Ff 


Pree Oe aes 


MBGP-2-H00-1-(50)=I It 
“MBGP=24100-2-1I 2pt 1 
MBGP-200=-0.25=II 0.25 pf 2. 
MBGP-2400~1(50)=II 1 pe 1 
MBGP-2-600-2-II 2 pe 2 
MBGP-2-4.00=-0.25=II 0.25 pe 2 
BGN-2-400-0.01~II 0.01 pf 2 
MBIP-2-200-1-II_ 1. pe 1 
BIN-2~400-0.01-IT 0.01 pe 2 


‘Fuse PK-30e2a- 


-PK~30-0,15a oa 
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50X1-HUM 
List of Elements 
| _ State National Basic | 
Pos. ._ Standard, VIU, | Data 
Desig. Normal Drawing Name and Type Rated No, Note Ch, 
1 2 3 uy 5 6 7 
Viel  ChTU-01-107-55.(is«sTutbe: GAP 7 
Ure2  ChTU=01-106-55 _ Tube 62keP +3 
‘Ue3- ChTU-01-107-55: Tube 6ZhiP 1 
Lia © ChTU-01-107-55 Tube 6Zh6P 1 
WS - ChTU-02-106-55 Tube 6Zh6P 1 
Wi-6 — ChTU=01-107-55 Tube 62h6P 1 
. U-7 © ow " 1 
eB n | " 2 
“Ue9 ~ ChTU-01-10655 Babe 6Zh2P 1 
elo. ChTU-01-701-54 = . Tube SQ3S oo 
DYo1 10354200670 Plug R32PK93Sh2 1 
Dee TR3215-108VrT0 «Ss Germanium Diode D7-Zh | 1 
Deo : ow | n a 1 
Dhe3o 7 : 1 
Diehl 0 1 
Dee5 - | os 1 
DY 6 oe . 1 
Dee? 1 . 8 1 
D8 on i | a 1 
DY 9. - a ee * . 1 
cometh ~ a 
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Last of Elements 





CC _ State National Basic 
. Pos, Standard, VIU, | | | ae | 
a . ormal Drawin 7 Name and T Rated No “Note Ch | 
> ae 4 “6 
























Den LO™~Te3215-108Vr10 Germanium Diode D7~Zh a. 
foo mea o 1 
7 D413 ide “AEs | . it 1 
4 >. Drei” a | 2 1 
© Tae ae Dyn 15 nm a 1 
\ ; D4Y~16 2. «. of ot 1 
ee cn 1 
fo DB | n 1 
;  DeeI9  . 4 | of 1 
| D200" CR a 
2% 2 Dy-220 0 8 ote 4 one 
po... D422 On oe a 1 a 
| D4e23 . 7 | n 1 z 
| Dae owe 1 
 DHn25 w . fn 1 
— Dye260 " n 1 
— — Dee22 n . & _ 8 1 
- . Dyn2g a eae | a. “a 
Dy-29 Ht] nent og 1: 
D430 a *S 8 1 
D432 a ia. Fe > 1 
D4Y-32 “oN ee t 1 
D433 ee 1 1 
| D434 re ", 1 
D435 ” | -< 1 
D436 n | 4 2 
TRA-1 G6347340160SP Transformer 1 
+ R42. G34714.000SP n 1 
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